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Experiences with an Integrated Microscopic Approach
Peter Wagner and Michael Wegener

Abstract: This paper gives an overview of the
ILUMASS project (2002–2006) funded by the
German Federal Ministry of Science and Education. The objective of ILUMASS was to implement a fully microscopic model of urban
land use, transport, and environment (LTE).
Considerable progress was made in developing and testing individual microscopic models
and the interfaces between them. However, for
several reasons, the planned application of the
full model system for the simulation of policy
scenarios was not achieved. Possible reasons for
this failure are analyzed and recommendations
are made to improve future interdisciplinary
projects of this kind.

1. Introduction
Planning for sustainable land use and transport
requires an integrated view of the two-way interaction between land use and transport. The
challenges cities are facing can no longer be
dealt within the limited view of a single profession. An interdisciplinary approach is needed
which integrates land use policies with transport
infrastructure development and trafﬁc operation, as well as soft policies working with information or incentives. Only this integration will
lead to a new, more balanced view of the entire
urban planning process (see Mühlhans, Strauch
2005).
This is especially true when different developments overlap in space and time. The evolution of urban land use and transport and the
environment is the result of a large number of
decisions and actions of different actors, such as
individuals, households, landlords or ﬁrms. The
acceptance of planning policies by these actors
determines the success of planning. Since individual decisions are important for the efﬁcacy
of planning, their actions should be taken into
account. This is exactly the strength of microscopic models such as ILUMASS (see Mühlhans,
Strauch 2005; Miller 2006).
The ﬁrst generation of aggregate integrated
models of urban land use and transport already
made it possible to regard land use and trans-

port effects together (Wegener 2004). This was
a big step forward compared to travel demand
models in which land use development was assumed to be exogenous. The important advantage was the ability to model the inﬂuence of the
transport system on space, usually in the form
of spatial interaction or accessibility models.
While most ﬁrms are interested in having good
trafﬁc connections, most households wish to
live in detached single-family houses in pleasant natural environments, which is the reason
for suburbanization and urban sprawl.
The second important contribution of ILUMASS was to model both urban land use and
travel and goods transport microscopically.
While this is already common in the simulation of trafﬁc ﬂows, it is still not common practice in travel demand modeling, and even less
so in land use modeling (Strauch et al. 2005;
Wegener 2004). With this objective, ILUMASS is
one of several similar projects in North America
and Europe, such as ILUTE (Miller 2001; Miller
et al. 2004), TLUMIP (Weidner et al. 2006), ALBATROSS (Arentze, Timmermans 2000, 2004),
PUMA (Ettema, Timmermans 2006) and the
IRPUD model (Wegener 1998; Spiekermann,
Wegener 2007).

2. Goals of ILUMASS
A detailed description of the ILUMASS model
is available as a technical report (Beckmann et
al. 2007). The ILUMASS model is divided into
the three modules referred to above: land use,
transport and environment (see Figure 1). Each
of these modules consists of several microscopic
submodels:
Land use
The land use module is based on the one developed at the Institute of Spatial Planning of the
University of Dortmund (IRPUD). However, the
macroscopic models of the IRPUD model were
rewritten in microscopic form for ILUMASS.
The microscopic land use submodels include
the following most important components:
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• Population: The population model simulates
the development of persons and households.
In each year, all persons get one year older and,
depending on their age and sex, have a certain
probability to die. Couples move together and
establish a new household, households become
smaller as persons die, children leave or partners separate. Women give birth to children,
depending on their ethnic background and age
and whether they live together with a partner
or not. Young people move together and establish non-standard households. In the population submodel, changes in employment are also
modeled.
• Firms: As with persons and households, ﬁrm
lifecycles are modeled in a microsimulation of
foundation, growth and eventual relocation,
decline and closure. The simulation of ﬁrm
lifecycles is, in analogy to demography, called
ﬁrmography. Firmography includes the simulation of new establishments, growth, decline
and closure of ﬁrms. Firmographic events are
modeled by transition probabilities subject to exogenously provided economic structural change
and business cycles. Firmographic events may
lead to relocations of ﬁrms.
• Residential mobility: The residential mobility
submodel models location and housing decisions of households that move into, out of or
within the region. Moves are modeled as transactions of households and landlords on the regional housing market. The attractiveness of a
dwelling for a household is a weighted aggregate of the attractiveness of its location, quality and rent or price in relation to the household’s housing budget. If the offered dwelling
promises a signiﬁcant improvement in housing
satisfaction compared to the present dwelling,
the household accepts the dwelling. Otherwise,
it continues its search until it ﬁnds a suitable
dwelling or abandons the search until the next
year.
• Firm location/relocation: The second part of
the simulation of ﬁrms simulates location or
relocation decisions of ﬁrms. Firms dissatisﬁed
with their present location examine up to ten
alternative locations with respect to accessibility, size, price, quality and image and select a
location if it offers a signiﬁcant improvement of
location satisfaction. Otherwise, the ﬁrm keeps
its present location and may start a new search
in the subsequent year.
• Residential buildings: The residential development submodel simulates investment decisions of private developers to demolish, upgrade or build residential buildings for rent or
sale as a function of supply and demand on the

housing market and proﬁtability expectations. If
the developer believes that positive returns can
be achieved by upgrading or new construction,
investments projects are planned. For each project, a zone and a microlocation (raster cell) are
selected from the land zoned for residential use
in the municipal land use plans subject to location criteria, such as accessibility, neighborhood
facilities, environmental quality and land price.
The projects are executed in the implementation phase.
• Non-residential buildings: The model of nonresidential development examines the demand
for ﬂoor space in each zone and develops new
ﬂoor space in zones in which the vacancy rate
is low. Floor space development is constrained
by land use restrictions in the municipal land
use plans. Within a zone, microlocations (raster cells) close to existing ﬁrms are developed
before isolated locations. Newly developed land
is immediately designated as built-up land, but
the new ﬂoor space is only offered on the market one year later, in order to take construction
time into account.
The land use modules provide input data for
the origins and destinations considered in the
transport submodel.
Transport
The transport module models the daily activities of people and, based on this, the demand for
travel between different parts of the city at different times of the day and the demand for freight
travel, as well as the resulting trafﬁc ﬂows. The
travel submodel is a very detailed agent-based
model that takes the needs and wishes of people
to conduct activities and the resulting need for
travel into account. Since the ﬁrst fully microscopic version of the travel model turned out to
be too complex to be run together with the rest
of the model system, a somewhat simpler version was used. Even that simpliﬁed version needs
considerable computing time as it computes a
separate origin-destination matrix for every hour
of the day. The demand generated by the travel
and freight submodels was coupled with a microscopic dynamic trafﬁc assignment model calculating trafﬁc ﬂows, link loads and travel times.
The transport module consists of four different programs. The ﬁrst and most complex
one is a psychological actor model for the synthetic population living in the study area. Based
on socio-demographic data of each person, it
computes a weekly activity plan by considering 29 different activities grouped in four main
groups (personal, job and school, social activi-
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– at work place

Land use
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– housing
– households
– persons
– cars
Transport
Travel demand
– activity
– programs
– week plans
– trips
Environment
Impacts
– air quality
– traffic noise
– at housing

Fig. 1: Modules and submodels
of ILUMASS.

ties, leisure). Such an individual plan contains
a sequence of activities, together with information on whether this activity is at home or
not. When not at home, a trip to a place where
this activity can be performed is needed. These
places have been named “opportunities”. In addition, this demand model selects the place (it
takes into account the capacity of the opportunity, e. g., it counts how many people can sit in a
cinema and makes it less attractive if it becomes
too crowded), the travel mode (based on availability of vehicles in a household context, and
the current travel times, which are either that of
the empty net or are the result of the microsimulation of trafﬁc), and the departure time. This
module can compute about one activity plan in
one second computing time, so for the 2.6 mil-

lion people in the study area, about two weeks
are needed to complete the calculation of all the
activity plans.
The route is then computed by a microscopic
dynamic trafﬁc assignment. This is a variant of
the method described in Gawron (1998), and it
iterates a shortest-path computation for all of
the 2.6 million people with a subsequent microscopic simulation until equilibrium has been
reached. The travel times are then used in the
demand module and the additional trafﬁc information, such as ﬂows and speeds, are used in
the environment module.
The demand generation for good transport
was generated by a model that uses macroscopic
data (input-output matrix of the German economy), together with a recent German survey on
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goods transport, to assign goods ﬂow between
the different companies in the city. The generated demand was used as additional input into
the microscopic simulation above.
Finally, in a later stage of the project, a more
traditional demand generation algorithm has
been included in ILUMASS to partly overcome
the difﬁculty with the long computing times
needed by the psychological actor model. Different from traditional models, it uses a very
disaggregated approach to a compute 24 hourly
origin-destination matrices for the study area.
Interestingly, the demand generation was still
the slowest of the modules in ILUMASS. This is
due to the fact that the search for the best opportunity for a given activity needs a very long
time if the spatial disaggregation is made very
ﬁne, which was the case here.
Environment
Finally, the environment module models the
environmental impact of trafﬁc forecasts: CO2
emissions and the distribution of air pollution,
trafﬁc noise, boundary layer effects (smog), and
the barrier effects of trafﬁc. The submodels apply state-of-the-art emission, air quality and
noise propagation techniques based on a spatial
grid of 352 000 grid cells of 100 x 100 m size.
The environmental impact of trafﬁc by vehicle
category (lorry, car, bus), volume and speed are
calculated as trajectories over a full week.
The calculated environmental impact is then
fed back to the land use module; there they inﬂuence the location choices of land use agents
because they affect the quality of locations. This
closes the iteration loop of ILUMASS.

2.1 Data
Integrated models of urban development need
very detailed spatial, land use, socio-economic
and transport data. A microscopic model increases the demand for high-quality spatial data.

Fig. 2: Macro-, meso- and
micro-spatial resolution
(Schwarze et al. 2004).

Macro-level

Meso-level

Therefore, data management with a geographic
information system (GIS) was important for the
integration of the ILUMASS modules.
The ILUMASS model describes the dynamic
evolution of the study area. Two distinct time
scales can be recognized: the simulation of trafﬁc and the demand for transport typically covers a time scale from seconds to weeks, while
the land use develops over a much longer timescale, from months to years. From the point
of view of modeling, this is fortunate because
it separates the dynamics: while the transport
system reaches its equilibrium within days, its
results can be used as static input into the land
use module. The output of the land use module,
however, can then be used in a quasi-static way
as the input to the transport module of the next
simulation period, which was one year for ILUMASS. It was a working hypothesis that the simulation of transport on such a short time scale
(instead of using average daily trafﬁc as it results
from a traditional trafﬁc model) is important for
modeling human mobility behavior.
To model individual activity patterns, it was
necessary to have the model population available on a per person basis. As microscopic person and household data were not available, this
was achieved by the generation of a “synthetic”
population, in which the number of agents with
the same statistical features corresponds to that
of the real population (see Moeckel 2004).
The synthetic population is updated annually in the land use module and used as input to
the transport module. The travel demand submodel uses the synthetic population to generate individual activity programs for each mobile
person based on person- and group-speciﬁc activity repertoires. These activity programs are
aggregated to trip tables by origin and destination and time of day. This travel demand is then
converted to trafﬁc loads on the network in the
dynamic trafﬁc assignment submodel.
Using spatial data needs a spatial co-ordinate
system. In ILUMASS, three levels of disaggrega-

Micro-level

Agents and objects

tion were distinguished: micro, meso and macro
(see Figure 2). For the smallest spatial unit, a
grid cell of a 100 by 100 m size was used. The
whole study area was divided into 352 000 of
such cells. The co-ordinates of each cell were
used as the locations of agents and other objects
(ﬁrms, houses or other destination activities).
Although it would have been possible to go to
an even more disaggregate spatial scale, for reasons of practicability, it was decided to stop at
this resolution. The other two levels deﬁne trafﬁc analysis zones for additional demand generation (meso) and municipalities in the Dortmund
urban region (macro).

2.2 Simulation and feedback
A model run of ILUMASS begins in the year
2000. It starts from the socio-demographic and
spatial structure and generates from this the demand for transport, travel and freight transport
and then the environmental impact of transport. These are then fed into the land use model
for the following year, which generates a new
socio-economic and spatial structure, which is

Model
integration

used again as input to the transport module of
the following year. In this manner, the state of
the year 2000 is “transported” into the future.
By deﬁning different scenarios that represent
different policies, different trajectories of system evolution can be traced and subsequently
analyzed for their effectiveness. This can help to
identify successful and less successful policies
at an early stage and to ﬁnd better ideas on how
the system can be optimized.
In the ﬁrst year, the trafﬁc simulation is similar to a classic four-stage travel demand model.
After the ﬁrst year, the feedback described above
sets in and generates the fully dynamic evolution
(see Figure 3). Within one simulation period,
there is a direct interaction between the travel
demand and trafﬁc simulation: the trafﬁc simulation returns travel times to the route choice
submodel, which tries to drive the simulation to
user equilibrium by assigning new routes to the
simulation until it is in equilibrium, or, if this
fails, asks the planner (the demand generation
tool) to re-plan the activity programs of agents
that do not have a feasible activity plan. This
step guarantees the consistency of the model
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Input
Static data
Fig. 3: Integration and data
management in ILUMASS
(Mühlhans, Strauch 2004).
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because, otherwise, the planning of the agents
would be unconstrained and could include unrealistic plans. The travel times used in the planning of the agents should be in line with the true
travel times in the network.
As the system proceeds from year to year, the
feedback between transport and land use is affected. After each simulation period, the following data are available:
• Population, households, employment, ﬁrms,
residences and industrial and commercial ﬂoor
space and land use data by grid cell, trafﬁc
analysis zone or municipality.
• A fully disaggregated demand for transport,
deﬁned as trips from grid cell to grid cell by
time of day or summarized in origin-destination
matrices by mode of transport.
• Detailed information about network travel
times from the trafﬁc ﬂow simulation, as well as
trafﬁc loads on each link of the network.
• An approximation of the demand for freight
transport and business travel computed by the
freight transport submodel.
• Transport-generated air pollution, noise and
other emissions for each grid cell, computed by
the environment module.

3. Integration
and data management
The data management distinguishes static and
dynamic data. Static data already exist before
the start of the simulation; they are not modeled. Examples are the road networks, land use
plans, factors that describe human behavior and
the various emission factors. Over the course
of the simulation, dynamic data changes because it is generated by the simulation itself. The
changes are important for the feedback between
the simulation modules. Results that are relevant for later analysis are aggregated and stored.
A dedicated software component organizes the
interplay of the different modules (see Figure
3). This allows a “loose coupling” between the
modules, in that each module is a self-standing
executable and interacts with the other modules
through the integrated database (see Strauch et
al. 2005).

4. The study area
The study area of ILUMASS consists of the metropolitan area of Dortmund in the Ruhr industrial district in Germany (see Figure 4). It comprises 26 municipalities with a population of 2.6

million. About 85 000 ﬁrms are located within
the region. Although ofﬁcial sources in Dortmund assume a moderate population growth,
the whole area is dominated by demographic
and economic decline. This goes along with a
profound change of the various economic structures: in the past, Dortmund was dominated by
coal mining and steel manufacturing. The region is polycentric, with rural and semi-rural
areas scattered between the urban centers.
The base scenario of ILUMASS assumes the
most likely future development of the spatial
and transport infrastructure in the study area
based on current planning documents.

5. First results
At the beginning of the ILUMASS project, it
was planned to simulate various policy scenarios
in which the impact of different land use and
transport policies were to be predicted until the
year 2030. However, the project ultimately ran
out of time, so it was only possible to do a few
test scenarios.
Figure 5 demonstrates typical results of the
simulations. Starting from land use, workplaces
and population (aggregated for the transport
model to a coarser grid of 1500 by 1500 m) the
demand for transport is assigned to the network.
The resulting trafﬁc ﬂows are used to compute
emissions caused by trafﬁc and air quality and
trafﬁc noise by grid cell.
A typical, aggregated result of the transport
model is shown in Figure 6, which depicts the
changes in the number of trips performed by
different person groups between 2000–2005
and 2000–2010 (Mühlhans 2006). Although the
total number of trips is increasing, the various
groups demonstrate quite different change patterns. Note that the complete activity classiﬁcation contains 29 different activities, here summarized into three main groups: school, work
and other trips.
In order to be able to simulate a greater
number of policy scenarios, a reduced version
of the ILUMASS model was implemented in
which, instead of the computing-time intensive
microsimulation of travel demand, the aggregate transport model of the model of the Dortmund region developed at IRPUD was applied
(Wegener 1998; Moeckel et al. 2006).
As an example for the simulated scenarios,
the impact of a land use planning scenario on
the spatial distribution of workplaces in the
study region are presented in Figure 7 (Moeckel
2007). The scenario shows the response of the
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Fig. 5: Typical ILUMASS results.
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location decisions of individual ﬁrms on the
changes in land available for development (in
the scenario). Figure 7 shows the changes in the
distribution of workplaces as three-dimensional
surfaces:
First, the base scenario of the expected development between 2000 and 2030 was run. In
the base scenario, no planning policies working against current trends in land use development were implemented. Figure 7 (a) shows
the change in the number of workplaces in the
raster cells of the study area between 2000 and
2030: “the hills” (darker areas) indicate growth
in workplaces and “the valleys” (lighter areas)
indicate decline. It can be seen that the general
trend of suburbanization of workplaces continues in the model. In particular, the city center
of Dortmund loses jobs, but so do most of the
other larger cities in the study area.
The land use scenario shown examines the
effects of a strict anti-sprawl policy as an attempt to return to higher-density mixed-use urban forms (compact city). In the compact-city
scenario, only the city of Dortmund is allowed
to offer new land for commercial or industrial
development; all other municipalities can only
develop land that has already been designated.
Figure 7 (b) shows the results of the compactcity scenario as the difference in workplaces
between the policy scenario and the base scenario in the year 2030. “Hills” indicate that a
raster cell has more workplaces in the compactcity scenario than in the base scenario in 2030;
“valleys” indicate that it has less. During the 30
years simulated, Dortmund gains a signiﬁcant
number of workplaces at the expense of the
other municipalities.
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Fig. 6: Changes in the number
of trips between 2000–2005 and
2000–2010 for selected activities.
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6. Critique
The ILUMASS project, although quite successful in terms of the progress made in the individual subprojects and from the perspective of
bringing different disciplines together, has not
met all of its initial goals. It was not possible to
run more than a few test scenarios and the results from these scenarios have to be taken with
some caution, because only very basic checks
for plausibility and consistency could be made.
This experience is not uncommon with large
urban microsimulation projects in recent years.
Many of these projects had to readjust their
plans when the project targets proved to be
too ambitious. This section analyses the speciﬁc
reasons for the partial failure of the ILUMASS
project. However, we are sure that most of the
points elaborated below are not a special feature
of ILUMASS, but are of a very general nature.
Therefore, this discussion is presented in the
hope of helping future large modeling projects
surmount similar hurdles.
One fundamental reason for the partial success may be that scientists are often not very
well prepared for the computer programming
aspects (Wilson 2006a, b). However, there are
other areas where the project was simply too inefﬁcient in its work processes:
Application Programming Interfaces
There were serious difﬁculties in handling
the application programming interfaces (API)
needed to set up the simulation. Early in the
project, the decision had already been made to
connect the program modules developed at different research laboratories by “loose coupling”,
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Fig. 7: Changes of workplace
in the Dortmund urban region
between 2000–2030 in the base
scenario (a) and the differences
between the base scenario and
the compact-city scenario in the
year 2030 (b) (Moeckel 2007).

i. e., to develop each of them as self-standing executables that communicate with the common
database through application programming interfaces. Although the interfaces between the
different modules had been structured very
well, there were difﬁculties, not only in the conversion, but also in the quite protracted process
of deﬁning them. These deﬁnitions alone took
more than one year, and consequently this time
was missing in the end. Future projects should
take care to have enough time planned for the
deﬁnition of the APIs.
Testing
The testing process was clumsy and inefﬁcient:
While the API had been clearly deﬁned, too
many iterations were required to test their functionality until they ﬁnally worked together. One
mistake was the focus of the project on a big
solution, i. e., to immediately run the simulation for the whole area. The optimism that this
should work was fuelled by the positive experiences within the group with several examples
of successful large-scale cooperative programming projects. However, for this project, it was
the wrong approach. It happened more than
once that only at the end of a long simulation
run, it was recognized that there was a slight error within one of the modules that rendered the
whole simulation useless. And, even if the error
had been detected, the process of correcting it
was not fast enough.
It is apparent what should have been done
here. First, the early testing processes mentioned above should have been implemented,
and second, it would have been much better in
the beginning to deﬁne small test cases where

the whole model chain could have been run
within seconds to ﬁnd the more apparent errors.
In this case, it would have even been possible
that each group and each programmer could
have run the whole model chain on his/her own
computer to make sure that everything worked
well.
Data exchange
The project team had too little experience in cooperative software development. The exchange
of data between the different modules was far
from optimal. It had been decided at the beginning of the project that the data exchange
between the different modules should be ﬁlebased. Although a direct exchange via the main
memory of the computer would have been preferable, since there were huge amounts of data to
be exchanged, this would have required a much
more direct and even more concurrent form of
software development. In the ideal case, the various source codes should have been laid open
at least within the consortium. This, however,
had not been seen as an option, let alone the
complexities of a much more coordinated software development process. Under these circumstances, a data exchange based on ﬁles seemed
to be the best option, despite its clumsiness.
Nevertheless, future projects should think about
an open-source structure of such a project, with
all its advantages and disadvantages.
Computing time
Computing time turned out to be a major problem. A large microscopic simulation is a timeconsuming endeavor. Although such simula-
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tions are, in principle, capable of delivering
more detailed results, the question of whether
they are worth the additional resources is still
not answered. What might be interesting in this
discussion is that the most time-consuming
parts in this simulation chain are, in this order,
the calculation of travel demand, the calculation
of shortest paths and the microscopic trafﬁc
ﬂow simulation. All other parts, such as the land
use submodels and the computation of emissions and air quality, do not take more than a
few minutes of computer time – although environmental impact models using a higher spatial
resolution also require a considerable amount
of computing time. The travel demand and trafﬁc assignment models, however, use from several hours to several weeks of computing time
depending on the method used. This is too long
to conduct enough tests or to run enough scenarios. In addition, long simulation runs require
really efﬁcient and stable computer platforms,
which could not always be provided.
It is another question how the computations to be performed can be organized more
efﬁciently. Despite all advances in computing
technology it might be necessary to work with
multi-level models which are microscopic where
necessary and aggregate where an aggregate
model is sufﬁcient. However, it has not been
demonstrated convincingly where the boundaries between “necessary” and “sufﬁcient” actually
lie. Therefore, one of the next tasks to be tackled
is to understand how necessary and sufﬁcient
can be measured, and, equipped with such a
measurement tool, to map out this area.
Cooperation
The cooperation between the project teams was
difﬁcult because of different disciplinary research traditions and scientiﬁc standards. This
was particularly relevant where decisions had
to be made about the appropriate level of detail and complexity of the model. Two different attitudes had to be reconciled: One view
saw the empirical thoroughness as top priority,
even when it became apparent that the resulting complexity would make the model too large
to be operational. The other view put practical
feasibility ﬁrst, even at the expense of scientiﬁc
rigor and validity. It would have been necessary
to reach a consensus about the best solution to
this conﬂict at an early stage of the project. It
might have helped if the research groups would
have had the opportunity to work together at
one location for several weeks. This would have
increased the ﬁnancial demand of the project

but would probably have paid off in the end in
terms of the achievement of the project goals.
However, despite these difﬁculties, the project groups were highly motivated, concentrated
and eager to bring the project to a successful end.
Even one year after the ﬁnancial resources had
been exhausted, there was still a lot of project
activity. So it might be said that the project was a
fruitful cooperation. Right now, it is unlikely that
the project will be continued in the near future.

7. Conclusions
The ILUMASS project can be regarded as a major step towards an integrated microsimulation
model of urban land use, transport and environment. It has, however, demonstrated that there
are still major hurdles to overcome.
A comprehensive evaluation of microsimulation models for urban, transport and environmental planning leads to a differentiated assessment of their advantages and disadvantages.
There can be no doubt that microsimulation
models are an important step forward in integrated land use and transport modeling. Only
with microsimulation models is it possible to
model societal developments, such as new life
styles and work patterns and new tendencies
in mobility behavior. Only with microsimulation models is it possible to forecast the impacts of innovative policies in the ﬁelds of travel
demand management and transport operation.
Only with microsimulation models is it possible
to model the environmental impact of land use
and transport policies with the necessary spatial
resolution.
However, microsimulation models are not a
universal solution. There are theoretical limits to
increasing the spatial, temporal and substantive
resolution of behavioral models when further
disaggregation does not bring any additional information. There are empirical limits when the
marginal costs of obtaining micro data are larger
than their added value. There are practical limits
when the computing time of the models exceeds
the duration of the modeled processes. There
are, ﬁnally, ethical limits to the collection of data
about private lives for research.
The conclusion is that for every modeling
problem, there is an optimum level of substantive, spatial and temporal resolution. This suggests that future urban models will be multi-level
in substance, space and time. The challenge is to
develop a theory of balanced multi-level models
which are, to quote Albert Einstein: “As simple
as possible – but no simpler.”
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