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Abstract The focus of this chapter is on the residential choice component in the

Albatross and Ramblas model systems. Both models are primarily activity-based

models of transport demand. Their prime goal is to predict activity–travel patterns

and associated traffic flows. The distribution of residential land use, in terms of

households and persons, is exogenously given.

Most progress to date in terms of actual software development has been com-

pleted in the context of Ramblas. It contains a module for modelling residential

choice behaviour that is used to predict the choice of residential zone for people

moving house and newcomers in the housing market. Simultaneously, the proper-

ties of the dwelling stock are updated. Residential preferences measured in theNa-

tional Housing Survey are matched against vacant dwellings in the market. These

preferences are measured using a compositional stated preference approach, but

alternatively any conjoint preference approach could be used in principle.

1 Introduction

The aim of this chapter is to summarize research activities of the Urban Planning

Group of the Eindhoven University of Technology related to the modelling of

residential choice behaviour. These research activities have been developed along

two separate lines of research. First and most importantly, residential choice has

been an important domain of application to elaborate conjoint preference and

choice models that confusingly have been called stated preference models in the

transportation literature. Starting in the early 1980s (Veldhuisen and Timmermans

1984), the reliability and validity of conjoint preference models was tested and this

interest evolved into a continuous stream of research activities that extended and
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improved this modelling approach. Originally, one of the key problems in develop-

ing conjoint preference models of residential choice was how to include the many

attributes that influence the residential choice decision. The hierarchical informa-

tion approach, originally developed for preference tasks (Louviere 1984), was

generalized to hierarchical conjoint choice models (Timmermans 1989; Louviere

and Timmermans 1990). Later, an improved method, named integrated choice

experiments, was introduced in the literature (Oppewal et al. 1994), and this method

was tested to model residential choice behaviour (Van de Vijvere et al. 1997). Other

extensions concerned the development of a context-dependent conjoint choice

model of residential choice behaviour (Timmermans and van Noortwijk 1995),

and a model incorporating the similarity between attributes (Timmermans et al.

1996). Finally, the modelling approach was generalised to the modelling of group

preferences and group/family choice as opposed to individual choice behaviour,

and it has been argued that residential choice behaviour might be better viewed as

a group/family decision than an individual decision (Timmermans et al. 1992;

Molin et al. 1999).

In addition to such research focusing on a particular type of behaviour, such as

residential choice, the Urban Planning Group has been active in developing

integrated models. Examples of such models are the activity-based models

Albatross and Ramblas. The latter model can best be viewed as a modern version

and extension of “A Regional Location Model”, which was developed in the mid

1970s (Veldhuisen and Kapoen 1977). This model allocates different land use

across space and was similar in scope and objectives as the conventional land use

– transport models. It differed in that the allocation of residential land use was not

based on observed behaviour but rather on people’s measured preferences. In the

late 1990s, the model was revitalised and given the new acronym Ramblas. As will

be discussed later in more detail, the transport component was new, being based

on observed activity–travel patterns. In addition, micro-simulation using readily

available empirical data was employed. It is a data-driven model, there is no

attempt to interpret and generalise the data in terms of some underlying theory.

In contrast, Albatross is theory-driven. The model was originally developed for

the Dutch Ministry of Transport and is best viewed as a rule-based, computational

process model of transport demand. A series of rules is used to predict which

activities will be conducted where, when, for how long, with whom, and the

transport mode involved. Residential land use is an exogenous variable in the

model. However, as part of the Amadeus research programme (Timmermans et al.

2002), partly completed, partly ongoing and planned work on Albatross includes

spatial population forecasts as a function of among other housing plans, and fore-

casts of land uses, including residential land use. The two activity-based models,

which will remain different in the way they model activity–travel patterns, will

likely share much of the way in which residential choice is treated. Therefore, the

two models are discussed simultaneously in the present chapter.

The chapter is organised as follows. First, we will discuss in more detail the

motivation, underlying principles, scope and structure of Ramblas, followed by a

similar discussion of the Albatross model system. Next, we will discuss the way in
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which components that were developed to model residential choice can be

incorporated in the models. This discussion involves how a baseline synthetic

population is derived from data on the distribution of dwellings in the study area

and how housing choice of movers and newcomers is modelled. Finally, we will

draw some conclusions and briefly discuss plans for future research.

2 Ramblas

To give an appropriate framework for the discussion of the residential choice

module, we first briefly summarize the core of both models: the simulation of

activity–travel patterns. Ramblas has been developed to explore the possibilities

of developing a micro-simulation model that uses nationally available, easy acces-

sible, official statistics only, and that is based on simple and easy to comprehend

principles as opposed to specific modelling techniques. The model has been devel-

oped primarily to estimate the intended and unintended consequences of planning

decisions related to land use, building programs and road construction. Its main

purpose is to predict the spatial distribution of individuals’ activities and related

traffic flows, given a forecasted spatial distribution of dwellings, households, firms,

and the transport network.

Assume that a list of individuals with a set of characteristics is given. Later, we

will discuss in more detail how this is done. For each individual, an activity agenda

is created for some specific day of the week by matching the socio-demographic

profile of each individual to nationally available data on time use. Individuals are

classified according to 26 segments, based on gender, age, employment status and

education, and five types of municipalities. An activity agenda is created by

identifying the relevant segment and drawing at random an activity pattern from

the national database of that segment. Seven types of activities are distinguished:

work, child care, shopping, personal/medical care, school or study, social partici-

pation and social contacts.

For each out-of-home activity, transportation mode choice is simulated by

drawing at random from the corresponding conditional probability distributions,

created from the national time use survey. Once activity agendas and transportation

modes are known, the next step in the micro-simulation addresses the problem of

how this agenda is executed in space. In the case of the work activity, it is assumed

that the travel time observed in the diary constitutes the time people are willing to

travel to work, given the transportation mode involved. Destination choice for the

work activity is simulated by drawing at random without replacement a job location

from the total number of available jobs in the region, which is delimited by this

maximum travel time. In the case of school, it is assumed that children going to

elementary schools invariably choose the school nearest to their home. For students

going to secondary schools, it is assumed that their action space is defined by an

area of 45 min of bicycling time. Schools are drawn at random from this action

space. The same principle is used for students going to schools of higher education,
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but in this case the distribution of employment in higher education is used as the

distribution from which the school is sampled. The latter principle is also used to

simulate destination choice for shopping and services. The destination is drawn

at random from the distribution of employment in the relevant sectors. As for

social activities, the distribution of the population rather than the distribution of

employment is used as the distribution from which the destination is sampled.

The above simulation process results in an origin and destination, plus a

simulated transportation mode, for each trip. If the transport mode involves the

car, route choice behaviour is also simulated, assuming that individuals take the

shortest route, in terms of travel time. These trips are loaded onto the network. The

“speed-flow” method is used to calculate the required travel time. Given the arrival

time at the destination, the departure time is then calculated. The simulation process

thus results in an estimate of traffic flows on the network for every moment of the

day.

3 Albatross

The purpose of Albatross is to predict which activities will be conducted where,

when, for how long, with whom, and the transport mode involved. Thus, its

objectives are quite similar to those underlying Ramblas. It does however involve

more choice aspects, and more (personal, household, spatio-temporal and institu-

tional) constraints. Route choice is not an integral part of the model yet, but should

be handled by another model, but an innovative approach is currently under

development (Arentze and Timmermans 2003). The model system has been devel-

oped for the Dutch Ministry of Transport, Public Works and Water Management in

the context of a research and development programme that aims at exploring new

ideas and methodologies for transport planning.

Although the two models share this common purpose, they represent extreme

examples of activity-based models at the opposites of the spectrum. Ramblas is

primarily data-driven. Distributions and conditional probabilities observed in

national data sources are used to simulate activity–travel behaviour at the local

level, at best correcting for known local data. This is no attempt to capture any

structure in this data in terms of an underlying theory or algebraic or rule-based

model. In contrast, Albatross is theory-rich, and represents an attempt to extract

context-dependent choice rules from activity–travel diary data, collected specifi-

cally for developing the model, to simulate activity–travel patterns.

The core of the model is a scheduling agent, which generates a schedule for each

individual and each day and consists of two components. The first component

generates an activity skeleton consisting of fixed activities and their exact start

time and duration. Given the skeleton, the second component then determines the

part of the schedule related to flexible activities to be conducted that day, their

travel party, duration, time-of-day and travel characteristics. Both components use

the same location model component determining the location of activities. All three
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components assume a sequential decision process in which key choices are made

and pre-defined rules delineate choice sets and implement made choices in the

current schedule.

The skeleton model determines activity patterns on a continuous time scale.

It consists of several sub-processes including: determining the pattern of sleep

activities, determining the pattern of the primary work/school activity, determining

the pattern of secondary, fixed activities and determining the location of each fixed

activity episode. The model chooses the end time of the morning sleep episode and

the start time of the evening sleep episode. The primary work/school activity has

maximally two episodes and a minimum duration of 1 h per episode. The pattern

is defined by decisions about the number of episodes, start time, duration(s) and

inter-episode time. Work/school activities with shorter duration are treated as a

separate category of secondary fixed activities in the next step.

The location component chooses locations in descending order of priority of

fixed activities. For each activity, the choice set consists of all 4PCA’s (four

position postal code area, if which approximately 4,000 exist) in the Netherlands.

First, the model chooses the municipality and next a 4PCA within the chosen

municipality. At both levels, the model determines a choice by increasingly

narrowing down the choice set in a number of steps. For the choice of municipality

at the highest level, the first decision determines whether the activity (episode) is

conducted within or outside the home municipality of the individual. If the last

option is chosen, the choice of a municipality follows from a choice of an order and
distance band. Five orders are distinguished based on population size. Given the

order, the choice of a distance band follows. The combination of order and distance

band tends to reduce choice sets strongly. If there are still multiple alternati-

ves left, the model selects a municipality semi-randomly. For the choice of a

zone (i.e., a 4PCA) within the chosen municipality a similar logic is used.

All other choice facets are also modelled using a decision table formalism for

choice rules. This set of decision tables is partly linked in the sense that the

outcomes of one or more previous decision tables in the assumed scheduling

model are input to subsequent tables. The complete Albatross system consists of

1,687 choice rules to simulate activity–travel patterns. Full details of the model are

provided in Arentze and Timmermans (2000, 2003).

4 Treatment of Residential Choice Behaviour

The spatial distribution of residential land use plays a double role in the simulation

of activity–travel patterns in both models. First, both models assume the construc-

tion of a synthetic baseline population at the start of the simulation period. To that

effect, the number of individuals and their values on a set of sociodemographics in

each postal area are predicted, reflecting the spatial distribution of residential land

use. This distribution influences the activity agendas and the spatial–temporal

constraints underlying the models. This data can be exogenous to the models,
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implying that the relevant distributions should be based on an external model or

data source and the creation of the synthetic population takes places at each

simulation run.

Secondly, residential land use is an integral part of the dynamics in the model

systems. In this case, the aging and redistribution of the population, partly reflecting

residential choice behaviour, is internal to the model system. In this case, a special

sub-model or module predicts housing choice behaviour as a function of socio-

demographics, characteristics of the available dwelling stock, characteristics of the

transport network, and possibly activity agendas.

4.1 Creation of a Synthetic Baseline Population at t ¼ 0
Reflecting the Spatial Distribution of Residences

A synthetic population is represented in both systems in terms of a multiway

attribute frequency table. Known demographics for the study area, based on official

statistics, define the marginals of the table and the sample the initial cell propor-

tions. The models determine cell proportions that are consistent with both sources

of data. Every cell in the table represents a unique combination of attribute levels.

If N is the number of cells of the multiway table for zone i and Wij the number of

households in cell j, the system generates N households with multiplication factors

Wij. Thus, the population of zone i is represented by a N-vector Wi, 8i.
The set of attributes and attribute levels that describe the synthetic population are

those used in the model to simulate activity–travel pattern. In addition, household

attributes are chosen such that individuals can be derived. The two models differ in

terms of the specific methodology and data sources that are used to create this

baseline population.

Monte Carlo simulation is used in Ramblas. It starts with the population matrix

according to age (in years), gender and marital status available for each municipal-

ity of the Netherlands, using data published by the Central Bureau of Statistics. This

matrix includes the vector of married women. Using the National Housing Survey,

household characteristics are added to each married woman by drawing at random

from the set of households that have a woman of the same age. This procedure

results in number of married men and a set of children by age and gender. These

simulated numbers differ from the given population matrix and are therefore

corrected to fit the observed number of married men according to age and the

children according to age and gender. The correction is based on known distribu-

tions of married men by the age of the spouse and those of children by the age of the

mother. The surplus of men in every class, respectively children, is reallocated at

random to other age cohorts and gender (in the case of children). The case of other

household types is straightforward.

The creation of synthetic populations in Albatross differs in a number of regards.

First, in addition to age, gender and marital status, household type (single non-worker,
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single worker, double non-workers, double one-worker, double two workers),

socio-economic class (very low household income, low, average, high), number

of cars in household, availability of car for person (is capable of using car), and

work status of person are used. Secondly, these socio-demographic profiles are not

explicitly linked to housing characteristics. Thirdly, whereas Ramblas is based on

the National Time Use Survey and The National Housing Survey, Albatross used

the National Travel Survey and the Population Data of the Ministry of Transport.

These differences reflect the idiosyncracies of the models and the principal’s need

to use a common data set for different projects.

In addition, Albatross uses a more formal approach to create the synthetic

baseline populations. Instead of Monte Carlo simulation, iteratively proportional

fitting is used to create multi-way tables. IPF assumes an I1 � I2 � ... � Im table

with initial cell counts mi1:::imand marginal counts C1ði1Þ;C2ði2Þ; :::;CmðimÞ as given,
where Ij represents the number of levels of the j-th attribute, ij is the i-th level of the
j-th attribute, mi1:::im is the count in cell i1 � i2 � ... � im andCjðijÞ is the total count
of the ij-th level of the j-th attribute in the target population. Adjustment of a cell

count mi1:::imgiven marginal count CjðijÞ is according :

m0
i1::::im

¼ mi1::::im

CjðijÞP
i1:::ij�1;ijþ1:::im

mi1::::im

: (1)

This operation is repeated for every margin and every cell until convergence is

reached. Although the actual method differs, the two approaches will yield the same

results, within some margin, as long as the Monte Carlo simulation is based on the

proportionality assumption.

The difference in choice of method reflects the specific purpose of the model.

The main advantage of the IPF-method is that it is easy to derive the multi-way

table that is consistent with some correlation structure, allowing the creation of a

synthetic population that is consistent with an assumed future population according

to some scenario.

Households need to be allocated to the existing dwelling stock. In both models,

households are spatially allocated to the existing dwelling stock given the following

constraints (1) for each zone i the number of dwellings equals the number of

households and (2) the allocation is consistent with a dwelling-type � household-

type matrix. The dwelling stock in zone i is represented by a Q-vector Vi represent-

ing the distribution across Q dwelling types. The allocation step results in a new

N � Q dwelling occupancy matrix, say Zi.

Again, the two models differ in terms of the methodology used to this effect.

Ramblas again uses Monte Carlo simulation. The residential preference of a

household for type of dwelling is drawn at random from the National Housing

Survey, given the household sociodemographics and these preferences are matched

to housing characteristics. Households are allocated at random to dwellings that

qualify. Households that are not allocated (mainly unmarried young adults) are

assumed to share a dwelling. In contrast, for determining Zi, Albatross uses an
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Iterative Proportional Fitting method, whereby initial cell proportions are based on

observed residential preferences and marginals are given by Vi. Consequently, the

resulting matrix is consistent with preferences at the dwelling type level and

distribution Vi. Note that accessibility is not a variable, influencing the allocation

of household across space. One of the reasons for this is that accessibility has

consistently found to be a relatively unimportant factor in the residential choice

decision (Molin and Timmermans 2003).

4.2 Dynamic Residential Choice Behaviour

When the models are used as explained above, they are applied in a static fashion.

Exogenous data is used to prepare the synthetic population that in turn constitutes

the necessary input to the simulation of activity–travel patterns. This approach

would suffice if the aim of the model application is to predict the cross-sectional

implication of land use or transport policy on any given point in time. If, however,

the goals would be to trace the policy effects over time, then either the above

procedures should be repeated for the sequence of year in the forecasting period,

using exogenous data, or an internal accounting and residential choice module is

required. Ramblas has been fully developed in this regard, the implementation in

Albatross is in progress.

Such a module requires both an accounting system, simulating the transitions

between household types, and data, reflecting planning measures related to the

construction and demolition of dwellings. Users of the models can provide the latter

information, but theNewMap Foundation also collects such data for TheNetherlands.

Thus, let there be given Vi,t 8 t based on a given scenario of housing development

programs to be realized at the end of t. A housing development program specifies new

construction and demolition and is specified for every zone i in terms of a dVi,t such

that Vi,t+1 ¼ Vi,t þ dVi,t 8 t.
Transitions between household types can be conceptualised (the actual algo-

rithms are based on micro-simulation and agent technology) in terms of a transition

matrix. This matrix is a (N þ 1) � (N þ 1) matrix, whereby N is the number of

cells in multiway table Wj. The extra row represents the new households of type j,
the extra column the dissolution of existing households of type j and the remaining

N � N cells the transition of household type j to household type j’. If M represents

the N � N transition matrix, the distribution of household types at t þ 1 may be

found by: Wj,tþ1 ¼ Wj,t � M.

To simulate residential mobility for the simulated individual households, the

National Housing Survey is used to determine the number of households searching

for a new residence at t þ 1 as is denoted as wVi,tþ1. This number includes new

households and existing households, wishing to change residential zone or dwelling

type. For each zone, the stock of vacant dwellings is determined. The vacant stock is

defined as Ai,tþ1 ¼ Li,t þ sVi,t þ wVi,tþ1 (all terms are defined as Q-vectors),
where L is a surplus, sV the mutation of the dwelling stock during time period
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[t, t þ 1] and wV are households searching for a new dwelling. Note that the last

term preliminary “removes” people that are searching for a new dwelling from their

current homes.

The total demand for dwellings, wVi,tþ1, and the total supply of dwellings, Ai,tþ1,

is known as a result of the previous steps. In the final step, the model simulates

the allocation of households in array wVi,tþ1 to the vacant dwelling. Those in array

wVi,tþ1 who are not successfully allocated “return” to their current dwelling. The

result of this step is a new dwelling occupancy pattern Zi,tþ1 and non-occupancy

pattern Li,tþ1.

Ramblas uses data on residential preferences of the various household types

from the National Housing Survey and Monte Carlo simulation techniques to

reallocate households. A multinomial logit model is used to predict the probability

that a moving household prefers a housing type as a function current housing type,

type of municipality and size of the household. Note again that transport considera-

tions do not play a role in relocating households.

4.3 Reflection and Future Work

It may be relevant to put this discussion in a broader framework. As discussed in

detail in Timmermans et al. (1994) a variety of self-explicated compositional,

decompositional and hybrid stated preference methods are available to measure

residential preferences. Unless one arguably dramatically restricts the number of

influential attributes, it is impossible to estimate individual-level utility functions.

Consequently, the very popular multinomial logit (MNL) model is typically esti-

mated at the segment or aggregate level. Now, if an aggregate model is used to

simulate individual behaviour, implicitly or explicitly it is assumed that the sample

is homogeneous. This would mean that although we have developed a summarising

function to represent the data, which looks impressive, by definition the predictive

error will, ceteris paribus, be larger as no account was taken of the heterogeneity in

residential preference. If the range in the estimated part-worth utilities of a particu-

lar attribute in a conjoint experiment is equal to zero, it either means that the

attribute is not important or that the preferences of sub-samples counterbalance

(or some combination of these). One way of incorporating heterogeneity in the

simulation would be to sample from the error distribution, but of course this would

potentially bring the simulation very close to the original data.

There is also the issue of validity. If we accept that the MNL is a reasonable

model to estimate residential preference/utility functions using experimental design

data (although as discussed in the introduction we have developed more advanced,

less rigorous models), this does not necessarily mean that the MNL is also a

reasonable model to simulate the residential decision making and choice process

beyond the experimental task in the real world. In fact, it might be argued there is a

significant discrepancy between the experimental task of choosing between two

attribute profiles and choosing a house in the real world. Individuals often have
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limited and imperfect knowledge about choice alternatives in real world markets,

their choice is risky as others might buy the candidate house, the choice set changes

on a minute-by-minute basis, and the housing search process involves time, effort

and cost, implying that individuals and households may act sub-optimally and

accept a dwelling that does not maximise their utility. If this argument is accepted,

the MNL may be too simple and a more sophisticated model may be required.

The composition of choice sets constitutes another operational and theoretical

problem. The predictions of the MNL model will depend on the size and composi-

tion of the choice set. The choice set may consist of thousands of alternatives,

creating not only operational problems, but choice sets of that size are unrealistic. In

reality, movers likely consider only a few options. Moreover, the IIA property

underlying the MNL model will not be satisfied, questioning the validity of the

approach to estimate MNL models in conjoint choice experiments and applying

these models to predict residential choice behaviour and articulating the need to

develop and explore alternative modelling approaches, that better mimic the actual

decision making process.

Given these considerations and the computational process nature of Albatross,

the following module is currently considered to be implemented. A distinction is

made between the decision to become engaged in search for a new dwelling, spatial

search and choice. As for becoming active, we assume that people may become

active when they wish to start a new household, are dissatisfied with the current

dwelling, change work location, enter a new life cycle and mimic moving peers in

their social network. The last factor is included to account for a mechanism whereby

a wish to move is triggered bymoves of peers of the household under concern. These

events may be related. That is to say, changing work location, entering a new life

cycle or social mechanisms may induce dissatisfaction with the current dwelling.

We define dissatisfaction as a household’s expectation that a change of residence

can improve residential utility. Therefore, degree of dissatisfaction is not only a

function of attributes of the current dwelling, but also of a household’s assessment of

the current housing market within the relevant segment. Thus, the criterion here is

not disutility, but marginal utility (possible improvement). A positive marginal

utility is not a sufficient condition for triggering search. Inertia and the assessed

effort involved in searching and movement create a threshold. Moreover, housing

markets are not static, but change over time. If the disutility of staying is compen-

sated by the increase of expected utility of entering the market at some later moment

in time, a rational household will remain passive until that moment.

Given these considerations, the condition triggering search in its most generic

form can be written as:

max T Umove
T �

Z T

t

UstayðtÞdt
� �

>c; (2)

where T is the time moment of becoming awake, Umove
T is the expected utility of

moving at time T, t is (continuous) time,UstayðtÞ is marginal disutility of staying and
c is a threshold determined by inertia, uncertainty and effort involved in searching
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and moving. The integral assumes continuous time. In a discrete-time formulation,

the integral symbol is replaced by a sigma. For finding appropriate equations for

each of these terms, economic theory (of investment decisions) is relevant in as far as

bounded rationality is taken into account. It is also worth noting that dissatisfaction

as conceptualised here also covers cases where a willingness to move is activated

solely by existing supply (i.e., by seeing a house of one’s dream by accident).

Such an event would raise Umove in (2) and increase the probability of moving.

Once an individual or household has become active, a process of (spatial) search

is triggered. Like any behavioural model of choice-set formation, a two-staged

process is assumed:

Prði 2 IÞ ¼ Prði 2 KÞ Prði 2 <Þ; (3)

where i is an index of houses on offer, I is the choice-set of the (awakened)

household under concern, K is the known set of houses on offer and < is the

consideration set generically defined by means of a set of elimination rules.

The first term on the RHS of (3) is a function of a set of factors determining the

probability that an offer reaches the household passively (e.g., through spatial

interaction, social interaction, media, professional advisers) or actively (search in

a strict sense). It is assumed that:

Prði 2 KÞ ¼ f ðA;=; SÞ; (4)

where A is the current action space of the household (defined as a set of locations),

= the social network in which the household takes part (defined as a bi-directional

graph) and S the search space (defined as a set of locations). Hence, the first two

terms correspond to a passive mode and the last term to an active mode of search.

Action space comprises all the activity locations and travel routes of (individuals

within) the household and, therefore, is known by the system. S can be defined by

means of a set of screening rules selecting locations that meet some preferred

characteristics that follow from the choice model. Obviously, A and S may overlap

and the overlapping subset will have an increased probability. On the other hand,

social network = should take into account differential probability of exchanging

information between actors in the system as a function of sharing activity locations

and sharing socio-economic and life-style characteristics. This is more difficult to

derive, but the activity-based approach brings the problem closer to a solution.

Once= is established, the system merges sets K across the actors connected through

the network. Note that by its communicative nature, the social network is a

potentially very rich source of information in the system as well as reality.

The previous components determine the moment when a household becomes

engaged in active search and the consideration set of houses on offer resulting from

it. The residential choice model determines the probability of choosing i 2 I in two
steps:

PrðijIÞ ¼ Pr maxi2I UðXiÞf g>Ustayð Þ Pr UðXiÞ>UðXjÞ; 8j 6¼ i
� �

; (5)
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where Xi is a vector of attributes of house on offer i, U(l) is a utility function and

Ustay is the utility of not moving. The first term on the RHS represents the probability

of a positive move decision and the second term the probability of choosing i. Note
that the utility of moving may not be equal to maxi2I UðXiÞf gð Þas the former is

based on expectations and the latter on evaluation of actual houses on offer.

An example of a possible implementation is a nested-logit model:

PrðijIÞ ¼
exp 1

m ln
P

i mVi

� �

exp 1
m ln

P
i mVi

� �
þ exp Vstayð Þ

exp Við ÞP
i exp Við Þ (6)

or:

PrðijIÞ ¼
exp Vi þ 1

m ln
P

i mVi

� �

exp
P

i Vi þ 1
m ln

P
i mVi

� �
þ exp

P
i Vi þ Vstay

� � (7)

where V are the structural components of U and m is a scale parameter to be

estimated. However, given the other agent in Albatross, decision tables which

match residential preferences against the characteristic of the vacant dwellings

are more appealing. Moreover, decision tables easily represent thresholds, substitu-

tions and veto criteria, which are difficult to incorporate in algebraic, utility-

maximising models.

The choice of attributes Xi is critical and include dwelling attributes, neighbour-

hood characteristics, relative location vis-à-vis nodes of the multimodal transport

network, vis-à-vis work/school location, vis-à-vis centres for shopping/recreation/

leisure, vis-à-vis nodes of the social network, and the social structure of neighbour-

hood. Given a classification of households based on typical activity-programs,

household-type specific parameters determine the relative importance associated

with the location attributes and, therefore, the compromise the household is willing

to make regarding the activity program. Social-network and social-structure

constructs also play an important role in the dynamics of the system. Note that the

integration of land use and transport thus goes beyond simply treating the calcula-

tion travel times in the transport model as input to the residential choice model.

Competition between searching households is a final factor that is taken into

account in allocating households to vacant dwellings. Collectively, the previous

steps determine the set of candidate households for each specific house on offer.

Under perfect market conditions, the price mechanism would bring demand and

supply together. In n-to-1 markets (n demanders, 1 supplier), a bidding process

would settle equilibrium price. However, at least the Dutch housing market is far

from perfect in an economic sense. In the social sector the market is regulated,

whereas in the free sector a “first one first considered” rule tends to dominate.

Willingness to accept a price (by the demander) or a bid (by the supplier) is

typically influenced by urgency of a purchase. Therefore, an imperfect bidding-

process model is developed for this part of the system.
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5 Conclusions and Discussion

This chapter has discussed the residential choice component in the Albatross and

Ramblas model systems. The discussion should have made it clear that at the

present stage of development, both models are primarily activity-based models of

transport demand, and not integrated land use – transport models. Their prime goal

is to predict activity–travel patterns and associated traffic flows. The distribution of

residential land use, in terms of households and persons, is exogenously given.

Based on the available data sources, a set of tools has however been developed to

create synthetic populations that serve as input to the models.

Having said that, work is on its way to further elaborate these models and predict

dynamic residential choice behaviour. Much of this work can be based on previous

work of the authors and their co-workers. Most progress to date in terms of actual

software development has been completed in the context of Ramblas. It contains a

module for modelling residential choice behaviour that is used to predict the choice

of residential zone for people moving house and newcomers in the housing market.

Simultaneously, the properties of the dwelling stock are updated. Residential

preferences measured in the National Housing Survey are matched against vacant

dwellings in the market. These preferences are measured using a compositional

stated preference approach, but alternatively any conjoint preference approach,

mentioned in the introduction, could be used in principle. To capture the heteroge-

neity in residential preferences, estimated utility functions should be segment-

specific or the micro-simulation should incorporate the inherent heterogeneity.

Work in progress as part of the Albatross system uses this information plus

information about pressure in individuals’ activity–travel patterns, and a set of other

events to simulate dynamic residential choice. It represents an attempt to replace

the rather rigorous assumptions underlying the utility-maximising and welfare-

maximising multinomial and nested logit models by a computational process

model that is based on imperfect and limited information, spatial and non-spatial

search in dynamic housing markets and a suboptimal market clearing process in

non-equilibrium.

While we argue that this development is theoretically appealing, it does not

necessarily result in improved prediction. In that regard, the extreme differences

between the data-driven Ramblas model and the theory-driven Albatross model

would make a comparison of the predictive performance of these models very

interesting.

References

Arentze TA, Timmermans HJP (2000) Albatross: a learning based transportation oriented simula-

tion system. European Institute of Retailing and Services Studies, Eindhoven

Arentze TA, Timmermans HJP (2003) Albatross 2.0. European Institute of Retailing and Services

Studies, Eindhoven

The Residential Choice Module in the Albatross and Ramblas Model Systems 221



Louviere JJ (1984) Hierarchical information integration: a new method for the design and analysis

of complex multiattribute judgement problems. Adv Consum Res 11:148–155

Louviere JJ, Timmermans HJP (1990) Hierarchical information integration applied to residential

choice behaviour. Geogr Anal 22:127–145

Molin E, Timmermans HJP (2003) Accessibility considerations in residential choice decisions:

accumulated evidence from the Benelux. In: Proceedings 82nd Annual Meeting of the Trans-

portation Research Board, Washington, D.C, 12–16 January 2003

Molin EJE, Oppewal H, Timmermans HJP (1999) Group-based versus individual-based conjo-

int preference models of residential preferences: a comparative test. Environ Plann A

31:1935–1947

Oppewal H, Louviere JJ, Timmermans HJP (1994) Modelling hierarchical conjoint processes with

integrated choice experiments. J Mark Res 31:92–105

Timmermans HJP (1989) Een decompositioneel hierarchisch model voor woningkeuze: theorie en

illustratie. In: Musterd J (ed) Methoden voor Woning en Woonmilieubehoefte Onderzoek.

SISWO, Amsterdam, pp 46–72

Timmermans HJP, van Noortwijk LE (1995) Context dependencies in housing choice behaviour.

Environ Plann A 27:181–192

Timmermans HJP, Borgers AWJ, van Dijk J, Oppewal H (1992) Residential choice behaviour of

dual earner households: a decompositional joint choice model. Environ Plann A 24:517–533

Timmermans HJP, Molin EJE, van Noortwijk LE (1994) Housing choice processes: stated versus

revealed modelling approaches. Neth J Housing Built Environ 9:215–227

Timmermans HJP, Noortwijk IE, Oppewal H, van der Waerden PJHJ (1996) Modelling

constrained choice behaviour in regulated housing markets by means of discrete choice

experiments and universal logit models: an application to the residential choice behavior of

divorcees. Environ Plann A 28:1095–1112

Timmermans HJP, Arentze TA, Dijst M, Dugundji E, Joh C-H, Kapoen LL, Krijgsman S, Maat K,

Veldhuisen KJ (2002) Amadeus: a framework for developing a dynamic multi-agent, multi-

period activity-based micro-simulation model of travel demand. In: Proceedings of the TRB

Annual Meeting, Washington, D.C

Van de Vijvere Y, Oppewal H, Timmermans HJP (1997) The validity of hierarchical information

integration choice experiments to model residential preference and choice. Geogr Anal

30:254–272

Veldhuisen KJ, Kapoen LL (1977) Een Regionaal Locatie Model. Ph.D. thesis, University of

Utrecht

Veldhuisen KJ, Timmermans HJP (1984) Specification of individual residential utility functions: a

comparative analysis of three measurement procedures. Environ Plann A 16:1573–1582

222 T. Arentze et al.


	The Residential Choice Module in the Albatross and Ramblas Model Systems
	1 Introduction
	2 Ramblas
	3 Albatross
	4 Treatment of Residential Choice Behaviour
	4.1 Creation of a Synthetic Baseline Population at t=0 Reflecting the Spatial Distribution of Residences
	4.2 Dynamic Residential Choice Behaviour
	4.3 Reflection and Future Work

	5 Conclusions and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


