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1. Introduction

As in many fields of research, the gap between the conceptual and
empirical models of migration and housing choice is wide. The theory
of migration has evolved eclectically, deriving inputs from many
disciplines like (social) psychology, economics, sociology, geography,
adding to its complexity rather than to its coherence. The early formu-
lations by Rossi (1955) and Leslie & Richardson (1961) rooted in the
developmental approach defines residential mobility as a behavioural
process of adjustment to life cycle change, long before we had the lon-
gitudinal data needed to test these assumptions empirically. The
short-term conceptual model of Brown & More (1970) focussed on the
actual decision making by individual households was based on sim-
plified assumptions with respect to motivational (reacting to stress)
and procedural (staging) aspects of the choice process and lack a me-
thodological basis to model decision-making. The attempts to unders-
tand residential mobility within a utility-framework (Wolper 1965)
conflicted with psychological concepts of bounded rationality, limited
capacity for information processing, etc., and failed in encompassing
other restrictions than the individual budget which so obviously limit
the individual choice sets.

The multi-faceted nature of the theoretical concepts and the lack of
methodological rigor in developing testable models led to a general
dissatisfaction with both conceptual and statistical models in the late
seventies and early eighties. Quigley & Weinberg (1977) reviewed a
host of literature on the subject and came to the conclusion that the
link between the conceptual models and the empirical analysis was
very weak. In their opinion, one reason for this weakness is that the
theories of residential mobility: "provide little in the way of specific or
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verifiable hypotheses". Pickles (1980) expressed this dissatisfaction
with respect to the statistical models. On the basis of his inventory of
the various approaches to modelling household movement he conclu-
ded that the complex dynamic structure of the household movement
process may, in many respects, be represented and tested within a
stochastic modelling framework... However, the assumption of inde-
pendence (between the movements of all households at a given
moment, PH) within all these models may be incompatible with our
knowledge of the constraints that exist upon household movement
and the competition for vacancies. Moreover, the absence of a supply
side confers upon these models only limited policy interest. As an al-
ternative he points to disaggregated models of queueing systems in
which households are waiting to be served with the `proper' vacan-
cies, using simulation methods. He does not fail to indicate the classi-
cal dilemma concerned with the use of simulation models in nearly
every discipline, i.e.: "mathematical tractability will be lost, but.... the
possibilities available for the development and interpretation of
behavioural theory will be extended".

To many researchers, simulation modelling is a choice second to
analytical models that, although being less comprehensive, depict
reality in a number of coherent and well-defined (simultaneous) equa-
tions. In my opinion this point of view on scientific research is too
restricted and dictated by norms from nineteenth-century physics.
The choice for a particular methodology in the social sciences should
be based on three criteria: conceptual comprehensiveness, statistical
validation and social relevance. In the first part of this contribution
each of these criteria will be dealt with, comparing simulation
approaches to the approaches of modelling residential mobility. In the
second part existing simulation models of housing choice will be eva-
luated.

2. Methodological criteria

Models bridge the gap between theoretical concepts and empirical
data. The choice for a particular type of model in any discipline can
therefore be based on two criteria. The extent to which the model is
compatible with our knowledge of the phenomenon and the extent to
which this knowledge can be put to a test. These are both aspects of
the `truthness' of a model: the absence of simplifying assumptions or
conceptual comprehensiveness and the statistical validation of the
model. For the social sciences, Karlqvist adds a third criterion, the
non-trivial character of the_ outcomes, or the extent to which a model
fits in the social context for which it is developed: its social relevance.

2. 1. Conceptual comprehensiveness

Household movement can be defined as the outcome of housing
market search, which is not necessarily triggered by the desire to im-
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prove residence. Three aspects are pervasive in this definition: moti-
vational aspects dealing with issues of the instrumentality of mobility
behaviour; situational aspects dealing with issues of availability and
accessibility of dwelling vacancies in a particular area at a particular
moment in time; and procedural aspects of housing marked search
dealing with issues of information gathering, processing and decision
making, linking aspects of the person and the situation to actual be-
haviour on the housing market.

2.1.1 Motivational aspects

As residential mobility is a means to an end, the understanding of
behaviour will necessarily be incomplete without considering the
motives for moving. In many conceptual models this motive is not
dealt with explicitly. It is often assumed that (intra-urban) relocations
are triggered by a disequilibrium at the micro-level between the attri-
butes of the household and its dwelling. Two complexities render this
simple model of household movement a reaction to disequilibria that
arise over the live cycle obsolete.

The first is that human intentions may be defined as goals to be
attained in the future, implying that housing choice is less a matter of
removing existing disequilibria but more a matter of avoiding future
mismatches (Michelson 1977). Many moves are not adjusting the
housing situation in response to the changing household situations
(reactive moves), but are adapting the housing situation in anticipa-
tion of future housing needs (prospective moves).

The second complexity arises from the role of residential relocation
as a necessary precondition to attainment of other goals in life than
securing good housing. Demographic behaviour like the beginning of
cohabitation or a separation is impossible without a residential move
of a least one of the partners involved. The professional career is not
only important because it defines the household budget that can be
spent on housing, but also because it might trigger moves to secure
better job opportunities. Many residential moves are aimed at
reaching goals that arise from other life domains than housing
(Graham 1985). In terms of motivational behaviour, these moves are
not housing-related but implied. As early as 1969, 0. Duncan &
Hauser pointed out that not distinguishing the motive for moving
confounded the interpretation of the results of the analysis of
residential behaviour.

The distinction between reactive moves and perspective moves and
between housing-related and implied (by other life domains) moves is
therefore crucial to understanding residential mobility.

2.1.2. Situational aspects

The situational aspects of housing market search, defined by the
availability and accessibility of opportunities are of a completely diffe-
rent order. One crucial aspect of the housing market is that supply of
vacancies, with the exception of new construction, does not arise as a
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response to demand patterns (White 1971), but as unintended
outcomes of behaviour aimed at other things or from unintentional
behaviour as such. At the level of a local or regional housing market
most vacancy chains start within the existing stock, being due to
outmigration and household dissolution (the death of single persons,
moves into institutional households and the joining of single
households into couples). The moves that comprise the links in the
chain are aimed at occupying a vacancy and not at releasing the
present dwelling onto the market. The implications of this lack of
intention behind vacancy creation are far reaching, because it implies
that supply cannot be modelled within a utility-maximising
framework. Market- disequilibria are bound to arise constantly and
persist for a long time as price is not clearing the market.

To further complicate the issue it should be realized that the
arrival rate of opportunities is determined within the confines of
structures of housing provision. Supply of capital and zoning regula-
tions can be more pervasive to the rates of new construction than
demand for new housing. Government policies with respect to the
rationing of opportunities on the basis of administrative boundaries or
means-tested access are still very common in many countries. The
motivations for this `public choice' can be very diverse and often origi-
nate from other policy domains than housing (e.g. income policy, tax
bases, etc.). The early work on simulation modelling (Orcutt 1957)
arose at least to some extent to deal with this type of complexity.

2.1.3. Procedural aspects

The procedural aspects of residential relocation cannot be unders-
tood without reference to the motivational and situational aspects.
Defining residential mobility as the outcome of housing market
search opens up the avenue to decompose the process into its
constituent parts. From a methodological point of view the overall mo-
vement rate can be decomposed into three rates: the rate describing
the search intensity, the arrival rates of opportunities and the rate at
which opportunities are accepted. These rates describe demand,
supply and the match between them (Gordon & Vickerman 1982,
Pickles & Davies 1991). As households have very little power in
generating supply, the discussion of procedural aspects will be
restricted to the search intensity and the acceptance rate.

Motivational and situational aspects are crucial in understanding
search intensities. The best way of conceptualising search is not as a
discrete state of either being in search or not, but as a continuous state
of being in search while the intensity of search varies between indivi-
dual households and also within individual households over time
(Pickles & Rogerson 1984). The intensity of the search is defined by a
combination of motivational and situational effects. If the move is
implied, that is a necessary condition to reaching other goals in life, it
depends on the value attached to these goals whether the search in-
tensity is high. As many of the life domains that imply a move
(household formation, separation, job change) are crucial to a
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person's wellbeing, it can be expected that implied moves lead to high
search intensities. If the primary goal is to adapt the housing situa-
tion to anticipated changes in the household that do not imply a move
(for instance the search for a suburban location in anticipation of
having children), the search intensity will be more sensitive to situa-
tional effects. If housing market conditions are favourable (e.g. low
prices and low mortgage interest rates) people may increase their
search intensity in order to secure a vacancy in time. In unfavourable
market conditions the reverse will be true. People will decrease their
search intensity to wait for better times (Kendin 1984). The concept of
search as an intensity that varies over time rather than a fixed state is
also helpful in understanding the discrepancies between the desire to
move and the actual moving behaviour which appears so often from
panel data. Defining search as a continuum, implies that even if the
intensity if low, accidental knowledge of a vacancy might trigger the
move (often referred to as `windfall moves' e.g. McCarthy 1982).
Events that imply moves can happen quite suddenly (e.g. separation,
job change) and have immediate effects on the search intensity. Both
instances provide examples of people that do move quite unexpectedly,
even if they would indicate in surveys that they are not actively
searching for another dwelling.

Like the search intensity, acceptance of a vacancy is a form of in-
tentional behaviour which might be addressed assuming rational
choice on the part of the individual household concerned. For a long
time the concept of a housing hierarchy has pervaded conceptualisa-
tions of acceptance rates. The housing hierarchy, being defined as a
general consensus among consumers about the preference ranking of
housing alternatives (Sweeny 1974), describes a single utility function
for the total population. Starting from this premise, acceptance rates
can be defined from the restrictions of the individual households
involved. People will choose from the available supply within their
daily activity space the highest ranking alternative which they can
afford. This also allows for dynamic interpretations. As money-
budgets increase over the life cycle due to rising returns on human
capital, people move up the housing ladder along with the progression
in their occupational careers (Priemus 1969). At the macro-level,
rising real incomes and expanding activity spaces as a result of
increased car-ownership supported additions to the stock at the
higher end of the hierarchy, the single family home in the suburb.

However empirical evidence shows many instances of moves
which are irrational from this perspective. Many households do not
move up the ladder, even if they could afford to and some even move
down. The old adage that "people filter up while houses filter down"
(Ratcliff 1949) is sometimes even reversed as in the process of gentrifi-
cation. Two reasons may account for this seemingly irrational
behaviour. The first is the process of individualisation that has
rendered the standard family life cycle obsolete. The implicit
assumption behind the housing career is that centrality of family
values and the concomitant high priority on high quality housing in a
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child-friendly environment. The differentiation in life courses open to
the individual and its corresponding decrease in the centrality of
housing consumption within the household budget leads to an
increased heterogeneity in housing preferences and to a need of
segmenting the population not just in terms of the budget
(restrictions) but also in terms of their preferences. Apart from life
cycle also life style differentials become increasingly important in
explaining housing choices. The second reason is the increased
mobility in nearly every aspect of peoples' lives. Job change and
partner change have become aspects of every day life. As a result
implied residential moves have become more prominent. The motive
for moving will have a decisive impact on acceptance rates. If the
acceptance of a job offer or the cohabitation with a loved one depend on
the residential move, people will be less critical in their housing
choice. If they have the option to await a number of suitable opportuni-
ties on the other hand, people may be very critical. The rationality of
the acceptance of a particular vacancy by a particular household
should therefore be evaluated in terms of the goals that are to be
achieved by means of changing residence.

2.1.4. Evaluation

To which evaluation of main-stream research on residential mobi-
lity and housing choice does this lead? Are there gaps in the dominant
approaches and can simulation models fill this gap? Two lines of
research dominate the literature on housing choice: the study of overt
or actual moving behaviour, often referred to as revealed preferences,
and the direct measurement of consumer preferences, often referred
to as the stated preference approach.

In the study of actual housing choice, household movement rates
are not decomposed into their constituant parts of search intensity,
arrival rates and acceptance rates. In order to make any inference on
the basis of the total compound rate, far-reaching assumption have to
be made, the most prominent one being that some form of market
equilibrium exists. However, assuming a single utility function for
the total population would imply market disequilibrium by definition,
because vacancy creation then will be highest in those segments being
least in demand. The obvious solution is to model housing choices on
the basis of restrictions. However, it remains unclear whether these
restriction arise endogenously (from the time- and money- budget of
the households), or exogenously (from the availability and accessibi-
lity of vacancies). As most supply is not generated as a response to
demand one cannot assume .that equilibria exist in the short run. The
results of research on revealed preferences describe patterns of mo-
vement at a certain moment in time at some point in space, but do not
allow for any causal inference in terms of the underlying processes
that produce these patterns.

The research on stated preferences has a far more limited scope.
Instead of studying actual choice behaviour the aim is to uncover the
ways people define their acceptance rates. Research on acceptance
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rates has evolved from a simple listing of housing preferences or a
simple ranking of predefined alternatives, into detailed studies of
decision making by consumers. Issues of information processing and
compensatory versus non-compensatory decisions rules are often
solved using controlled experiments aimed at eliciting consumer
responses to a systematic variation of the attributes that comprise the
housing bundle. This results in detailed knowledge at the individual
level of the alternatives that are either acceptable or not and in a
preference ranking of those alternatives that are acceptable. A major
advantage of this approach is that the results are not confounded by
the supply on the housing market.

In terms of conceptual comprehensiveness a number of drawbacks
can be listed in this approach. The first is that the acceptance rates
are not independent of the search intensity. The same underlying
process, the urgency of the move, determines both the search intensity
and the acceptance rate to a large extent. Yet to perform controlled
experiments some selection of respondents is usually necessary and
often based on the criterion that people should be active in searching
for a vacancy. This implies that people with either very high or low
search intensities will not be observed. People with high intensities
usually spent very little time in securing a vacancy, implying that
their chances of being in the sample is low, while people with low
search intensities are often excluded from the sample. This will
result in biased results because respondents with very high and very
low acceptance rates are underrepresented. The second drawback is
that most studies of stated preferences implicitly assume some
consumer sovereignty. Actual housing market search however, can
be very restricted. Some categories of households depend on the local
government or housing associations to get an offer. Many of those ins-
titutions operate sanctions on those that refuse (too many) offers. Even
if people do have a choice, the number or alternatives that are being
considered in housing market search is usually very limited. The va-
lidation of decision processes derived from (controlled) experiments to
real-world search behaviour has rarely been undertaken or been
restricted to a very select group of the population of consumers.

In studying housing market search, the revealed preference
approach has an obvious advantage of comprehensiveness, but at a
loss of explanatory power. The stated preference approach provides a
much richer insight into the underlying decision making process, but
is only a partial approach to actual housing market search.
Simulation approaches do not offer an alternative by definition, but do
offer the flexibility to deal with such diverse phenomena as a differen-
tiation in the motives for moving, diverse utility functions of housing
choice for various segments of the population and the unintentionality
of vacancy creation.
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2.2. Statistical validation

As noted before stochastic modelling has become a very popular
methodology in research on residential mobility and housing choice.
Much attention has been devoted to specifying the correct procedures
to arrive at statistical inference. Without discarding the tremendous
advancements in this field, it should be recognized that this has led to
a decreased attention for deterministic methods of modelling human
behaviour and, more relevant to the argument at hand, to a decreased
attention for alternative forms of validation of model results.

Validation can be defined as a systematic encounter between model
results and the relevant empirical data. The most common ways of
testing results from stochastic models is either in-sample or out-of-
sample validation. Most researchers rely on in-sample validation
completely, using the regular test-statistics (t-values) for their para-
meters and measures-of-fit (R-squared, likelihood-ratio) for their
models. Even though they all know that equations are fitted to both
structure and disturbances in the data, very few use fresh data to
show the validity of the estimated structure. More interesting than
sample valuation are out-of-type and out-of-context validation
(Caldwell 1991). Out-of-type validation refers to an encounter between
model results and a different type of data, for instance vital statistics
and other population accounts. This often requires some form of
aggregation which is easier using simulation models from the start.
Out-of-context validation is the most crucial form. Statistical analysis
occurs within the limits of the institutional and geographical frame.
To validate results in various contexts, it will be necessary to control
for basic aspects of this context. In modelling residential mobility this
refers to things like the composition of the housing stock, the arrival
rate of opportunities, restrictions on access to vacancies due to
housing allocation, etc. Here the argument on validation coincides
with the conceptual reasoning. Simulation models offer the possibility
to enter these situational effects directly. An alternative approach
would be to specify multi-level models.

2.3. Social relevance

From a policy of marketing perspective individual behaviour is
irrelevant. If aggregation to the population is lacking, policy makers
and marketeers will prefer simple macro-models to sophisticated
micro-analytical models. Micro-simulation models may bridge this
gap. The second issue with respect to the social relevance of the
models is the issue of social engineering. To policy makers the
foreseeable future will at the most be a starting point for taking action.
Their real interest is in the intended future. They require an ex ante
evaluation of the positive effects (and, sometime to a lesser extent,
unintended negative effects) of their intervention. A basic advantage
of properly specified simulation models is that they can be used to
perform controlled experiments. In housing market interventions
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this could pertain to the subsidization of rents, filtering experiments,
housing allocation policies, etc.

3. Macro- or microsimulation

The definition of macro- versus microsimulation modelling varies
by discipline. In demography and geography, it is quite common to
apply the word microsimulation to event-driven, stochastic models,
using listwise representation of the individuals. Some brief comments
on this topic.

3.1. Unit of analysis

In economics the basic distinction between macro and micro
models is less restrictive and refers to the unit of analysis only. A
prominent example of a macro-model is provided by time-series
analysis of various aspects of a national economy or the Forrester and
Meadows model of global consumption (they need not be simple). In
household movement, the gravity model, having regions as the unit of
analysis, is an example of a macro-approach.
Micro-models have multiple entities defined in such a way that causal
inference or interpretation in terms of decision-making becomes
possible. Transition matrix models of household movement from one
category to another would, in this definition, be micro-level (Pickles).

3.2. State-driven versus event-driven models

The second distinction often used to distinguish between macro
and micro models is state-versus event-driven. In the first case one
does not model events, but derives flows from comparing states
(estimating migration flows from the number of people being in one
region at time i and in another at time j). Event-driven models only
use the initial state and use some form of probability (function)
describing the occurrence of an event which implies the `jump' to
another state.

3.3. Listwise or cellwise representation of the micro data-base

The third distinction refers to the representation of the individuals
in the data-base. This is a practical rather than a methodological de-
finition and I am inclined to agree with Orcutt (1986).

"There does not seem to be any necessary connection between the method used
in representing the state of the population of entities and the process modelling
which serves to represent how collective behaviour bring about updating of state".

In the remainder of this paper an example will be shown of a
multi-dimensional, event-driven housing market model, that
conforms to a large extent to the criteria mentioned above.
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4. The SONAR model : general structure

In the Netherlands several single-region household models have
been produced which explicitly link household dynamics with
housing market processes (e.g. the RIWI model - Rima & Van
Wissen 1987 - and the QUARTO model - Heida & den Otter 1988). The
need for developing the SONAR model stems from a shift in housing
policy in the Netherlands. In a process of rapid decentralisation the
prime responsibility for housing has shifted from the national
government to the local municipalities. The municipalities are
obliged to co-operate with regional housing authorities who are
responsible for the planning of new construction and the allocation of
housing.

This calls for new planning information at two levels. The first is
an assessment of housing needs at the regional level, to decide on the
number of additions to the stock. The second is an evaluation of the
effects of new construction on the redistribution of households over
dwellings and over municipalities. In particular for the local
government the effects of the new policies of the total number and
structure of the population in households is decisive in the planning
of policy measures with respect to housing, employment and the
provision of public services.

In developing the local model some new requirements have been
met in order to obtain full integration between demography and
housing. The result can be regarded as a housing market model, or
as a household model, depending on the type of output the user is
interested in.

These requirements are the following:

The model should provide full information on the effects of
household formation, expansion, reduction, and dissolution on
housing demand and supply, in quantitative and qualitative terms.
It should provide projections of the number and composition of
households at the local level, both as a result of household evolu-
tion processes, and of the operation of the regional housing
market.
In doing so, the model should distinguish between housing-related
moves within the region and migration for other reasons
(henceforth called structural migration) both within and across
the regional boundaries.
The housing market adjustment mechanisms, removing sectoral
and spatial mismatches between demand and supply, should be
explicitly modelled.

The overall design of the model is completely in line with the
PRIMOS household model, operating at the national level. This is a
multi-dimensional deterministic demographic accounting model in
which individuals occupy various states and are exposed to jump pro-
babilities which are fixed during each projection interval (one year).

-

-
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However, endogenising and housing market does have far-reaching
effects on the model. The original state space of the national
household model consists of one year age groups for each household
position - for each sex. Including dwelling types and municipalities
would enlarge the state space to such an extent that this would
become unfeasible. The household model has therefore been
simplified.

The starting point of the model is the occupancy matrix (which
classifies households by age of the marker, household type, income
group and dwelling type) for each municipality selected at the start of
the projection period.

The first step in the model is the demographic module in which
household events are being estimated. A number of demographic
events have a direct effect on the housing market: household
formation of people living with their parents results in new housing
demand, as does separation of couples and immigration of
households. Other demographic events, like household expansion and
household reduction will affect the housing preferences of the
household and therefore its propensity to move to another dwelling
(indicated as `filtering' demand). Household demand is largely demo-
graphy-driven.

A large share of the housing supply is also generated by demogra-
phic events; household dissolution as a result of mortality among
singles, moves to institutions, and out-migration generates primary
supply on the housing market. The rest of the primary supply (i.e.
supply that starts a vacancy chain) is generated by new construction.
The remaining supply is generated in the filtering process as people
move from one dwelling to another.

In the housing-market module, demand and supply are matched
by a housing allocation algorithm. Within each projection year, this
confrontation between demand and supply takes place six times,
reflecting an average vacancy duration of two months. In each alloca-
tion cycle, vacancies are being occupied and other vacancies released
if the new occupant leaves a dwelling behind.

Each step in the model is based on jump probabilities producing
numbers of events which define the jump from one state to another.
This dynamic approach is superior to comparative-static approaches
in three ways:

- it offers full detail on the processes of household and housing-
market change and the interaction between the two (e.g. using
headship rates to estimate levels of household formation and disso-
lution only provides information on the net outcome of these
processes, while the cross number of events is of importance to the
operation of the housing market)

- it stimulates the feed-back mechanisms between household
behaviour and the housing-market context (e.g. the rates descri-
bing residential mobility are produced by the model on the basis of
the availability and accessibility of supply on the housing market,
constrained by the demand for this type of supply)
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- scenarios can be built efficiently (e.g. the effects of changing the
level and composition of new construction or of restricting access to
certain types of dwellings on the number and structure of
households in various municipalities can be evaluated directly).

To illustrate these points we will describe each step in the model in
some detail in the following sections. In part 4, the state space will be
defined and it will be shown that in spite of the absence of detailed
data at the local level, the necessary data can be estimated from
known marginal distributions. In part 5, the demographic module
will be introduced, dealing with migration and household evolution at
the local level. In part 6, the housing market module will be described
in some detail, to provide insight into the reciprocal relations between
household change and housing market change.

4.1. Defining the state space: the occupancy matrix

The spatial unit in the model is the municipality (647 in the
Netherlands in 1991). The reason for choosing this administrative
unit has been stated above. The municipality is the level at which
housing policies are formulated and executed. In absence of census
material on households and the housing stock, and approximation of
the occupancy matrix at the level of the municipality had to be made.

The typology of dwellings used in the model

1 . Dwellings n.e.c. (bed-sitters, house-boats, etc.)
2. Rental, multi-family,<= 3 rooms, <f490
3. Rental, multi-family, <= 3 rooms, f490-f650
4. Rental, multi-family, <= 3 rooms, >f650
5. Rental, multi-family, > 3 rooms, <f490
6. Rental, multi-family, > 3 rooms, f490-f650
7. Rental, multi-family,> 3 rooms, >f650
8. Rental, single-family, <= 3 rooms, <f490
9. Rental, single-family, <= 3 rooms, f490-f650
10. Rental, single-family, >= 3 rooms, >f650
11. Rental, single-family, > 3 rooms, <f490
12. Rental, single-family, > 3 rooms, f490-f650
13. Rental, single-family, > 3 rooms, >f650
14. Owner-occupied, multi-family, < f 120,000
15. Owner-occupied, multi-family, f 120,00 - f 175,000
16. Owner-occupied, multi-family, >f 175,000
17. Owner-occupied, single-family, <=4 rooms, <f 120,000
18. Owner-occupied, single-family, <= 4 rooms, f 120,000-f 175,000
19. Owner-occupied, single-family, <= 4 rooms, > f 175,000
20. Owner-occupied, single-family, > 4 rooms, < f 120,000
21. Owner-occupied, single-family, > 4 rooms, f 120,000 - f 175,000
22. Owner-occupied, single-family, > 4 rooms, > f 175,000

Rents in guilders (f) per month, market-value for owner-occupied units
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The categories in the typology reflect the basic features of the seg-
mentation of the housing market in the Netherlands. Price levels in
the rental sector are based on the allocation rules in the Netherlands.
Housing with a monthly rent below f490 is inaccessible to higher
income households, while housing with a rent over f650 in inacces-
sible to lower income households. The official distinction between
higher and lower incomes is a net annual income of f 22,000 for
singles and of f 30,000 for multi-person households. This demarcation
is also used in the household typology.

The 72 household types represent the multiplication of the
following household characteristics:

- household composition: single, one-parent, couple, family (see also
Table 1)

- age of the marker (the female): 18-24, 25-29, 30-34, 35-44, 45-64, 65 +;
- net annual household income (in f 1,000): <22, 22-30, >30.

Until now the NCBS only provides statistics on age, gender, and
marital status. Household statistics at the level of the municipality
may become available in the years to come, but cannot be provided at
this moment. Two basic spatial differentials exist with respect to the
age-specific household composition of municipalities in the
Netherlands. Inter-regional differences occur due to the uneven dis-
tribution of educational and employment opportunities. Intra-
regional differences occur as a result of the uneven distribution of
housing opportunities within each region. The general equation to
estimate the number of household in each category is as follows (see
Heida, 1991 for more detail):

Hh,,a,,, = E,,(PoP,,,,,,, - Pin,,,,, - Eda,,,g) * (Pnah,,a * Ufac,,,,,, * Rfac,,,.,,,)

where:

Hh= number of households of type h in age-group a in municipality m
PoPa,nk = population in age group a in a municipality m of gender g
Pin,,,,,, = population in institutions
Eda,,,g = number of university students1
Pnah,,a = national proportion of households type h in age-group a
Ufac,,,,,,,n = relative deviation from the national proportion for municipality

m; this factor depends on the degree of urbanization
Rfac,,,,,,, = relative deviation from the national proportion for municipality

m; this factor depends on the region in which in is located.

The next step. involves the addition of the income distribution per
household category, using the age-specific statistics on personal
income for each municipality from the NCBS (for more detail see
Leering & Relou, 1990).

After having established the distribution of the dwellings over the
dwelling typology and the population over the household typology, the

1 University students ate treated separately due to their very specific household
structure.
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combination of both typologies in an occupancy matrix will have to be
estimated. This has been done using Iterative Proportional Fitting on
known distributions according to region and degree of urbanization,
that were fitted to the marginal distributions of households and
dwellings in each municipality.

4.2. The demographic module: structural migration and household
evolution

The basic link between the housing market and household
evolution is twofold. The residential mobility process, the interaction
of demand and supply on the regional housing market, determines
the spatial location of households, thereby changing the local
household structure. A second aspect of this link is provided by the
fact that some household events (like leaving a parental home) are
dependent on a residential move. Both aspects are dealt with in the
housing market module (see paragraph 4.5). However not all moves
are housing related. Many migrations (in particular those occurring
over longer distances) are made for other reasons, like accepting a
job, entering higher education, etc. This type of migration, henceforth
called `structural migration', is treated exogenously. Housing related
migration is endogenous to the model. Before turning to the
household model, the way in which structural migration is isolated is
described.

4.3. The migration algorithm

Migration patterns are very much age and household specific. The
reason is that the motives for migration vary over the life course of the
individual. At a relatively young age, many migrations are motivated
by engaging in higher forms of education, accepting a job at a large
distance from the present residential location, or union formation
(which might occur both at short and at long distances). Later in life
these motives become less important and move moves are made to
improve the housing situation. In terms of the modelling exercise this
distinction is crucial. Housing-related moves will be affected by the
development of the marginal supply on the regional housing market,
and people might easily postpone the move if this supply does not meet
their demand. Migration for other reasons is less prone to be affected
by housing market conditions.

The isolation of structural migration is done in two steps. The first
step is to define a region which corresponds to a regional housing
market. In this contribution, we will not go into detail on how this can
be done. All migration flows of the municipalities in the region with
municipalities outside the region are treated as structural migration.
Projections of this type of migrations are made on the basis of the
average flows over the last five years, that can be derived from vital
statistics.
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The second step is to decompose the migration between municipali-
ties within the region into housing-related and structural migration.
This is done using age- and household-specific distance deterrence
functions that describe the proportion of housing-related moves in the
total migration flows between municipalities. By multiplying the re-
gistered flows from vital statistics with these proportions, structural
migration (the complement of housing-related moves) is isolated.
Projections of the structural intra-regional migration are made in the
same way as described above from the inter-regional migration.

4.4. Household evolution processes

The household module serves two very important purposes in the
overall model. The first is to estimate the changes in household
structure which occur as a result of household evolution processes.
The second is to `translate' demographic events that are directly
related to the housing market, into the quantitative and qualitative
effects on housing supply and/or demand within the region. The
application of the model to municipalities necessitated further ad-
justments.

The age-specific jump probabilities from the national model have
been aggregated into jump-probabilities for the six age-groups by
taking simple weighted averages. Although some heterogeneity is
introduced by this aggregation scheme, it has been shown to be rather
limited.

1
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4.4.1. Leaving the parental home

Apart from immigration, leaving the parental home is the most
dominant cause of sustained additions to quantitative housing needs.
Whether or not this event leads to extra demand on the housing
market depends on the destination. If the person leaves to live alone,
an extra dwelling is needed. If the persons leave to live with someone
who also lived with the parents before, only half a dwelling is needed.
If the person moves in with someone who lived independently before,
no extra demand is generated and the household event will not
depend on the availability of a suitable vacancy. The present model
distinguishes between these destinations in the estimation of the
number of events, but only assumes age specificity in partner
selection. The housing situation before the event does not influence
partner choice, apart from the fact that this situation will be different
in various age groups. An indirect effect of leaving the parental home
is that the number of children living with their parents decreases.
When the last child leaves, housing preferences of the parents will
change. This change in the parental household is estimated using the
mother-child age-relation matrix.

4.4.2. Cohabitation

Housing market effects of entry into cohabitation again depend on
the housing situation before the event. The model estimates cohabita-
tion for females on the basis of their age and household position
(living with parents, living alone, being divorced or widowed). Using
the age-relation matrix, a male is selected from the population at risk
for each female. Housing-market effects depend on the housing-
market situation of both. This is known from the occupancy-matrix
and varies with age and household position. As the distribution over
the various dwelling types is known for both sexes within each age
group, this introduces the possibility of releasing the worst (smallest)
vacancy of the two on the market. The procedure is simple. For each
group of women (per age-group, household position and dwelling
type) the age relation matrix specifies the full distribution of the men
(according to age-group, household position and dwelling type). For
the future dwelling situation the highest number in the dwelling-typo-
logy can be chosen. Stated differently, the choice of a partner is consi-
dered independent of the housing situation, but the choice of housing
at the moment of match-making is not.

Obviously this procedure is a simplified representation of partner
choice. It might very well be that people who live in owner-occupied
property are considered more attractive partners, or have moved into
owner-occupation in anticipation of cohabitation. As has been stated
before (part two), the introduction of age-relation matrices is a rather
crude approximation of partner selection. In our opinion, further
research into match-making deserves a high priority.
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4.4.3. Separation

This always leads to extra demand on the housing market and
changes the housing preferences of the partner who remains behind.
If there are children present in the household, 90 % remain with their
mother without moving. For the other 10 % the house and the
children are allocated to the father. Separation always initiates
housing market search of one of the partners.

4.4.4. Mortality and moves into institutions

The death of a one-person household releases a vacancy onto the
market, as does the move into a home for the aged. The type of
dwelling released can be derived directly from the occupancy matrix
and will depend on the age, household and income position of the
person(s) exposed to the event. No interaction is assumed between the
housing situation and the occurrence of the event. In a multi-person
household, mortality will cause a transition to widowhood, changing
the housing preferences of the partner that remains behind. Access to
homes for the aged is restricted to its present capacity, the capacity
itself being dependent on the mortality of the population in
institutions.

4.4.5. The birth of a child

This has no direct housing market effect, but will affect the
housing preferences of the parents.

In summary the household model generates three types of input
for the housing market model:

- A full specification of the housing supply that is generated as a
result of out-migration, cohabitation, the death of one-person
households and moves to institutions.

- A full specification of new demand on the housing market as a
result on in-migration and household formation

- An update on household composition of the local population in
households and in dwellings, which serves as a starting point to
estimate the propensity to move and the housing preferences.

4.5. The housing market module

The housing market module consists of two elements: a housing-
search model and a housing allocation model. The description below
sketches the various steps in the algorithm2. The housing market
module changes the household structure of the municipalities in two
ways. The first is through a feedback mechanism to the household
module. If the primary supply of dwellings is insufficient to accom-

2 A prototype of this algorithm was devised and programmed by Drost,
Hooimeijer & Kuijpers-Linde of the Faculty of Geographical Sciences, Utrecht.
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modate the number of new entrants (starters and in-migrants) on the
regional housing market, the resulting vector of new entrants that
have not been allocated a dwelling are returned to the household
module (implying that the demographic event could not take place).
Second, if households are allocated a dwelling, the occupancy matrix
is updated, including the moves from one dwelling and municipality
to another. The whole process is steered by the balance between the
(qualitative) demand of various types of households and the supply of
these dwellings in the municipalities that make up the region.
Therefore, the first step is to estimate demand.

4.5.1. Estimating housing demand

At the start of the model run, a pool of housing demand is establi-
shed. The pool is estimated by multiplying each cell in the occupancy
matrix with the probability that a household will be active in housing-
market search in the projection interval. The probabilities were
derived from the Housing Needs Survey and are estimated using a
binary logit model. To this pool the starting households and the
(structural) inmigrant households generated by the household model
are added.

From this pool of potential moves the number of households in
search of a specific dwelling type is derived using stated preferences
(derived from the Housing Needs Survey) that depend on age,
household type, type of present dwelling and type of municipality.

4.5.2. Allocating supply

Once the sectoral demand is estimated, the housing-allocation
module starts. Supply is allocated to demand in six cycles for each
year. A (short-term) vacancy rate is needed to enable people to move
from one dwelling to another. The estimated duration of vacancies is
about two months. Allocation proceeds in a number of steps in each
cycle. The main loop refers to the preferred dwelling. Within this loop,
supply in this sector is allocated in each municipality. The steps in
the allocation can be summarized as follows:

- Localizing demand in municipality s
The total sectoral demand is localized by estimating the number of

potential movers resident in each municipality that will exert demand
for the dwelling type at hand in the municipality were supply is
offered (#.2) :

SQdemp,s,h,d,m = [Qdemp,h,d m] for m=s

where:
SQdem,.,,i,,d,m =

+ (2)

[Qdemp,h,d,m * Poutp,h,d,m * Pdisps.m ] for in # s

number of households of type h in present dwelling
type d from municipality in that searches for a
dwelling of type p in municipality s
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Qdemp,h,d,m = number of households of type h in present dwelling d
living in municipality in that searches for a dwelling
of type p

Poutp,h,d,m = Probability that a household h in dwelling d in
municipality in searches outside the municipal
boundaries

PdisP,s,m = Probability that a household searching outside the
municipal boundaries from municipality in searches
in municipality s (these probabilities depend on the
distance from s to m)

As can be seen from equation (2), a household can search for a
dwelling in more than one municipality. Every household is assumed
to consider supply in the present municipality of residence. The
structural migrants form an exception. By definition they only search
in the municipality to which they move. Once they have become a
resident, they may search for a dwelling elsewhere. An interesting
option is that constraints can be imposed on the cells of this matrix,
introducing housing allocation rules into the model. This way is can
be simulated that low priced rental dwellings are not allocated to
higher income households and vice versa, which is standard practice
in the Netherlands.

- Calculating supply in municipality s
For each dwelling type p and each municipality s, total supply is

calculated by summing the vacancies that have been released in the
past, the vacancies that arise as a result of construction and the va-
cancies that arise in stock due to household dissolution (outmigration,
cohabitation, deaths of one-person households, moves into institu-
tions).

- Allocating supply
For each dwelling type p in every municipality s, an allocation

factor is determined by dividing supply by the sum of demand.
Allocation is skipped if demand or supply equal zero. The allocation
factor is set to 1 if supply is larger than demand. The factor is used to
estimate the characteristics of the households that have been allocated
a dwelling, and to calculate the number of vacancies left behind as a
result of this allocation. After each allocation the number of house-
holds in demand for a dwelling type from each municipality is
reduced by the number that has been allocated a dwelling.

4.5.3. Updating supply and demand

After each cycle the supply of dwellings is being updated by
calculating the number of vacancies that have not been occupied or
have been released:

Vac`+' P,s =Vac`, [E'EsE`` Afac, * SQdemPs,h,d,m ] + [EPEsZh AfacRs

SQdemp,s,h,d,m ] for each d = p and each m= s (3)
- *
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where:

Vac`A, = number of vacancies in dwelling type p in
municipality s at time t

Afacp,s = allocation factor for dwelling type p in
municipality s

SQdemu,s,l,,d,,,, = number of households of type h in present
dwelling type d from municipality in that
searches for a dwelling of type p in municipality s

The number of vacancies for the next cycle is thus estimated as the
supply at the beginning of the cycle, minus the dwellings which have
been allocated, plus the dwellings which have been vacated by movers
from this particular dwelling type in this municipality. The resulting
Vacps is used to estimate supply at the start of the next cycle.

The demand for each type of dwelling is being decreased during
the allocation loop in each cycle. This could eventually lead to a
situation where the balance of supply and demand becomes distorted.
It might be possible that there is a high demand for 4-roomed, single-
family dwellings with a rent of f490-f650 and a low supply in this
sector, while the same type of dwelling in rent categories <f490 and
>f650 are abundant in supply. This is unrealistic. To some extent
households will adjust their preferences and decide to accept a
cheaper or more expensive dwelling. To solve this problem, the
following procedure has been followed. The number of potential
movers decreases as a result of allocation, but the preferences of the
remaining group are recalculated, using the same vector of (stated)
preferences per household group, that was applied in estimating the
preferences in the first cycle. This implies a substitution of prefe-
rences towards sectoral and spatial sub-markets which are more
abundant in supply.

4.5.4. Feed-back to the household module

This feed-back occurs once a year. At the end of the year, the
original occupancy matrix is updated. The housing characteristics
and the place of residence of the households in the occupancy matrix
are updated on the basis of the allocation of the dwellings, effectuating
a change in household structure of both the spatial sub-markets (the
municipalities) and the sectoral sub-markets (the dwelling types).
This includes the allocation of dwellings to starters and immigrating
households. This new occupancy matrix is the starting point for the
next round of demographic changes in the households.

The new entrants who have not been allocated a dwelling are also
returned to the household module. These can be either starting
households, or immigrating households. To return these households
to the households module implies that their original household
situation should be known. This is being done by adding two columns
to the occupancy matrix (one for each group) each having 72 rows
containing (the original) household positions.

293
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This way, a lack of housing opportunities on the regional housing
market leads to a postponement of household events. The mechanism
in its present formulation is still relatively straightforward. Only
those household events are affected that imply a residential move, that
is household formation as a result of leaving the parental home (of
both partners), as a result of separation and as a result of immigra-
tion. Also household dissolution as a result of moves to homes for the
aged is dependent on the opportunities provided for this type of event.

5. The feasibility of the model: a test on performance

The algorithms described above have recently been programmed
into a computermodel3 which is now in the stage of being tested. This
paragraph shows some preliminary tests on the performance of the
model when applied to the region of Utrecht. This region was chosen
because it is still characterized by a housing shortage, mainly due to a
high level of inmigration. Two tests have been carried out. The first
refers to the correct estimation of the number of households. As
household data become available only once every four years (from the
Housing Demand Survey), the testing had to be done during the period
1986-1990. New information on household structures will become
available in 1994 making another test possible. The second test refers
to the prediction of migration. Information on migrating households
becomes available every year (with a time lag of about a year). The test
on migration is therefore done in the period 1990-1992. The results of
the first test are depicted in table 1. Cell entries are households
according to the age of the marker (the female).

Table 1. Test of the model performance on household structure

18-29 year olds 30-64 year olds 65-plus Total

One-Per Multi-Per One-Per Multi-Per One-Per Multi-Per One-Per Multi-Per

START86 32.574 36.105 40.412 132.171 29.200 24.840 102.186 193.116

MODEL90 40 048 32.106 43.681 139.321 35.239 25.673 118.968 197. 100

WB090 38.147 35.829 48.440 140.074 32.935 24.038 119.522 199.941

Total household development is depicted rather well by the model.
The total number of single households is underestimated by 650, the
number of multi-person households by 1800. The age-specific predic-
tion behaves less well. This is probably due to the fact that only six
age-groups were defined in the state-space of the model. The number
of household ageing into the next age group is proportional to the size
of the group as a whole. If one-year cohorts of households are not of

3 The authors are greatly indebted to the the Ministry of Housing for providing funds to
finance part of this research and to Companen BV for doing the actual complicated programming.
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equal size this could lead to distortions. A further test, including a
comparison with more simple, straightforward (and perhaps more
robust) models, is being undertaken at this moment.

Another test on the model includes the effects of housing shortages
on household formation and migration. Another run with the model,
providing enough housing opportunities to alleviate the housing
shortage, led to an increase of the estimated total number of
households of about 5.000, indicating that the (regional) housing
shortage does have an effect on household formation. Obviously this is
not a test, as this cannot be compared to a real world situation. That is
why the model is being run in various parts of the Netherlands at this
moment, to evaluate whether the model does predict the number of
households correctly in regions without a housing shortage leading to
less feed-backs into the household module. Results of these test will
become available in 1994. The general feeling at this moment is that
the model slightly overestimates the effects of the housing shortage on
household formation. It might very well be that young people "opt" for
a temporary housing situation, doubling up with friends or relatives.

The second test refers to the information at the level of the munici-
pality. The most decisive demographic change in terms of changes in
household numbers and structures, is the effect of migration. In fact
the very elaborated housing market model is designed to make a
correct simulation of migration effects at the household level.
Migration statistics published by the NCBS for each municipality
every year includes detail on the household position of the people who
migrate into and from a municipality. Using some minor corrections
the number of migrating households can be derived from these
numbers. Flows between municipalities however are not reported by
the NCBS in the same detail to prevent disclosure of the identity of the
migrants.

The test is therefore restricted to the number of inmigrating and
outmigrating household in each municipality in a two year period
(1990-1991). The results are depicted in table 2.

Table 2. Test of the model performance on municipal in- and outmigration

Inmigration Outmigration
Model Real Model Real

Utrecht 19906 19849 17166 18025

Nieuwegein 3603 3564 3746 4055
Houten 1879 2127 939 1187

Maarsen 2603 2700 1942 2353
Vleuten 864 802 759 1138

Ijsselstein 1566 1518 1152 1133

Bunnik 865 888 669 1035

The general conclusion of this table is, that inmigration is predic-
ted very well by the model. Only in one municipality (Houten) the es-
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timates of total immigration deviates with more than 10% from the
actual flows in households. Outmigration is generally underestima-
ted by the model. In four out of seven municipalities the deviation is
more than 10%.

It is too early to tell whether the model performs better than com-
parative static models that are more crude but also easier to make. A
further comparison of the model outcomes with both real world data
and other model structures will be published shortly. However, if the
model should only simulate (changes in) stocks equally well, we feel
that it is nevertheless superior in providing a wealth of information
on flows which might be of particular relevance to policy makers at
the municipal and regional level. Even in its present state the model
might serve as a very helpful didactic device on generating housing
policies and evaluating these ex ante with respect to their effects on
household number, household structures and quantitative and
qualitative mismatches in the regional housing market.

6. Conclusion

In 1988 Keilman concluded that the multi-state demographic
approach holds considerable promise to generate sound household
projection models. In the opinion of the author, it also holds conside-
rable promise to generate models that simulate household movement.
Motivational aspects can be dealt with explicitly. The present model is
still weak in representing interregional migration, in particular
labour migration. At the intra-regional level a full representation of
the difference between implied moves and housing related moves is
captured and feedback effects of housing constraints on household
events can be traced. Also situational or context effects are endogeni-
zed in the model structure. The importance of demographic events on
the arrival rate or opportunities on the housing market are often
overlooked. By aggregating in each cycle, the unintended outcomes of
individual demographic behaviour on the local and regional supply of
housing can be estimated, allowing new mobility. Restrictions on
access to housing have successfully been incorporated. Also in proce-
dural terms the model is superior to the modelling of overt behaviour,
by explicitly decomposing movement behaviour into rates of search
intensity, arrival rates and acceptance rates. A clear distinction
between the effects of changes in demand or supply can be made. As
the model can be applied in any region within the Netherlands, out-of-
context validation is possible. The rates that describe the preferences
of individuals only have slight variation with respect to the urbaniza-
tion class of the municipality. The widely different outcomes are ge-
nerated by differences in the local context of the regional housing
market. The model also allows for ex ante impact assessment of policy
intervention in housing market processes.

Even though the state-space of the (general) model described here
will contain a large number of empty cells in (small) municipalities
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in the Netherlands, it will be faster than a concomitant micro-simula-
tion model. An obvious draw-back in the approach is the lack of
insight in the effect of random fluctuations on the outcomes of the
model.

Until a few years ago a model of this complexity would hardly
make any serious chance of being calibrated and applied. Only main-
frames could handle the large number of calculations involved. Also
the data requirements would prevent any user to apply this regional
context. However, times have changed. Elaborate compilers have been
developed for PC's, and the hardware has rapidly become much more
sophisticated. The algorithms described in this contribution have been
programmed4 using Turbo Pascal and run in 4.5 hours on a PC with
a 486 processor for a region including 15 municipalities over a period
of five years. Data requirements still are a problem. Much energy had
to be devoted to specifying the state space of the model. With the rapid
development of geo-demographic information systems, this might
become be redundant in the future.
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