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Abstract

Several approaches have been proposed to model travel demand on the basis of activity-patterns. There
are modelling concepts where travel behaviour is regarded as the result of discrete choices for the type
of activity, departure time, destination, and mode. Other researchers emphasise the interdependencies of
different activities and the scheduling process. The idea of the modelling approach which is presented in
this paper is to estimate the travel demand in large cities with as few parameters as possible. This ensures
that the mechanisms of the simulation do not become too complicated. Very complex models tend to
hamper the analysis of the impact of the different influences. Furthermore, efficient computation makes
the integration within larger modelling frameworks easier, and different scenarios can be compared in
reasonable time. The concept is based on a detailed analysis of diary data. The data where collected in a
German nationwide time use survey in 1991/1992. The set of 30,700 diaries is classified by a modified
cluster algorithm. This modification allows to handle large data sets. It is possible to distinguish clus-
ters with different levels of heterogeneity. The distances between pairs of diaries, which are needed as
input for the clustering procedure, are computed using a sequence alignment algorithm. The sequence
alignment method is sensitive not only to different activity budgets but also to the time of the day, when
the activities are executed. The classification process reveals which activities cause the differences in the
time use patterns, and it turns out that the diary classes possess interesting features when cross tabulated
with categories of administrative districts. Especially in rural areas there are pronounced preferences for
specific time use patterns. The classes with higher shares of diaries that stem from those areas are differ-
ent with respect to timing rather than total activity budgets. A new time use survey is conducted in 2001
and 2002, and itis planned to apply the analysis procedures to the new results. As such surveys can not be
conducted in every planning or research project, a link between activity-pattern and socio-demographic
variables is needed in order to take into account the peculiarities of the area under investigation. This
link is established by the correlation of diary classes and socio-demographic groups. The formation of
the socio-demographic groups shows which variables are the most important for the estimation of the
frequency of time use patterns. The simulation computes activity-travel-patterns for the members of a
synthetic population, which serve as input for a traffic flow simulation. The travel times are fed back

to the module for the activity-travel-pattern generation and influence the choice of locations, modes and
departure times. The simulation model is applied to the city of Cologne in Germany which has about one
million inhabitants. The city is the test bed for a conjoint traffic research project, and therefore a good
data basis for the generation of a synthetic population is available.
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1. Introduction

Why do people make trips? In activity based travel demand modelling the answer to this question is
that people need to change places in order to participate in different activities. As a consequence, the
task of travel demand estimation is shifted to the task of modelling the time allocation of individuals.

It is now possible to capture the interdependencies between different trips and to study the mechanisms
of trip generation on a microscopic level. There are two reasons why this is a complex problem. First,
depending on the level of description, the number of possible time use patterns or schedules is huge.
Even if only a modest number of activity types are differentiated they can be combined in many different
orders. For each of these sequences there are many possible combinations of starting times which again
have to be multiplied with the combinations due to different locations where out-of-home activities are
performed. The second reason are the interdependencies of the various aspects of a schedule. Which
activity is performed at a given point in time may depend on the time of day, on other activities, or on the
locations that are accessible. On the other hand, there are activities which control the time when they are
executed, and the location, and other aspects.

Several approaches have been proposed to handle the complexity of time use modelling. One major
approach is to classifiy the schedules by building a hierarchy of the different aspects. This is done by
Bowman and Ben-Akiva (2001). First, they distinguish days without a trip from days with one or more
trips. If trips occur, they are grouped into tours, i.e. is a sequence of trips and stops that starts and
ends at home at home. A day can contain only one primary tour which may be combined with one or
more secondary tours. The primary tours are differentiated by the number of stops and the presence of
a subtour. Other aspects, like time of the day or travel modes are considered in subsequent steps. In the
model of Lipps (2001) the activities are ordered by priority. Then each tour is denoted by the activity with
the highest priority. The empty pattern has for empty positions. First, the tour whose major activity has
the highest priority is determined, and set to the second position. If other tours follow after the main tour,
they are set to the third and forth position, respectively. If there are tours before the main tour, then the
first of these is set on the first position. The description of diaries by patterns helps to analyse empirical
data and serves as a basis for the creation of synthetic schedules. On the other hand, if the reaction of
people to different scenarios is analysed, then the responses will always be confined to the pattern that
guides the modelling process. In computational process models the complexity is reduced by setting up
a system of rules that govern the formation of a schedule. Arentze and Timmermans (2000) developed
a system where the formation of a schedule is broken down into six steps. The rules that are applied for
each step are derived from the results of the previous steps, and from a number of constraints. When the
rules are formulated it is not only neccessary to ensure the consistency of the system. It also has to be
explained how rules or the parameters of rules can be obtained from empirical data.

In the approach that is presented here, the question how time is organised by individuals under certain
conditions is reduced to the task of finding a reasonable time use pattern for each person and to adapt it
to the specific environment where the person lives. To do this, a mechanism has to be found how patterns
can be derived from diary data with a minimumaspriori assumptions of how a schedule is structured.
Then it has to be determined how patterns are assigned to the individuals in the simulation, and which
characteristics of the individuals control this assignment. Finally, it has to be decided, if the environment
where a person lives allows to complete the pattern with locations that are accessible in reasonable time.

2. Data

The model was developed using diary data from the time use survey of the Federal Statistical Office
of Germany in 1991/92. In this survey the respondents were asked to fill in diaries for two subsequent
days. The forms for the diaries provided one line for every five minutes interval, and the names of the
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activities were chosen by the respondents. The activities were coded afterwards using a catalogue of 231
activities. The second part of the survey provides many variables about the socio-demographic situation
of the respondents and their households (Ehling and Bihler, 1996). The data set comprises 30700 diaries
from more than 7000 households.

Figure 1: Classification of diary data and budgets by classes
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The aim of the first step of the analysis is to distinguish different categories of diaries in order to reveal the
structure of the data set. This is done with an agglomarative clustering algorithm. Clustering is based on

a distance measure of the elements of the set. Wilson (1998) proposed to compare diary data by sequence
alignment methods. Jadt al. (2002) extended the comparisons to several dimensions, e.g. location and
transport mode are taken into account in addition to activity codes. In our case, the diaries are stored
as sequences of fixed length with 288 elements. If the diaries are not identical, the alignment is done
by inserting additional elements in the sequences or by replacing some elements. The number of such
operations is used as a measure of the dissimilarity or distance of the sequences. A detailed description of
the method is given by Sankoff and Kruskal (1983). It turns out that the distinction of 231 activity codes
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Figure 2: Sequencing of activities in two diary classes with full-time working hours
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leads to large distances between the diaries. The acticity catalogue was reduced to only 12 activity types
by focussing on the travel generating effect of the activities and by taking into account their impact on
the temporal structure of the diaries. Bagatching TVis an activity that is often embedded in a period of

time that is spent at home anyway, but if people like to watch a specific programme this has an impact on
the schedule of the day. Furthermore, the relatively large total budget of this activity justifies to include

it into the activity catalogue.

The clustering shows that the range of values for the variance in the clusters is very big. Hence, using
the variance as a general criterion for the number of clusters would lead to clusters of very different size.
The way the clusters are used in the model makes a balanced partition more preferable. Therefore, the
procedure is split into two steps. First, a complete clustering is performed until the whole set is contained
in a binary tree. Then the tree is traversed from the root to the branches and nodes are marked if the size
of both of their branches lies above a given threshold. In the second step the leaves of those nodes are
used as nuclei for the final classification: each diary is assigned to it's closest nucleus. If the threshold
for the minimum size of a nucleus is set to 210, then the ratio of the sum of squares within the classes to
the total sum of squares is 51%. This value increases only slowly if the threshold is reduced further.

Figure 1 shows the classification tree that is built during the clustering and the budgets for the twelve
activities that where used for the comparison of the diaries. The budgets are the average time that was
spent in all diaries in the corresponding class for a given activity. Activitiesl&epingeating at homg
housekeepingtrips, leisure at homgandwatching TVcan be found in all classes, but with varying
shares. On the other hamgthool attendangecare hobby/work at homeandleisure out of homere
characteristic for single classe@ayed workis responsible for the splitting of the main branches during
clustering. The branch containing working days ends in very homogeneous leaves. The right hand side
of the figure shows a greater variety: Almost any of these classes contains an activity that is peculiar to
the class, and the variation within the classes is bigger than for the classes on the left hand side. All of the
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Table 1: Person categories used to determine the frequency of diaries with respect to diary classes

| Group | Av. age | Women [%] | size |
Retired (f) 68 100.0| 928
Retired (m) 67 0.0| 720
Job seeking 43 541 | 738
Students 16 48.5 | 2349
Employees (m) 39 0.0 | 4207
Empl. (f) with children 32 100.0| 736
Empl. (f) below 42 32 100.0 | 1648
Empl. (f) above 42 51 100.0 | 1249
Housewives below 42 35 985 | 715
Housewives above 42 54 98.2| 836
Free-lancers 45 28.4 | 1135
other Workers 37 91.2| 102

classes 8, 10 — 13, 19, and 21 exhibit more than three hoursusfekeepingBut this is combined with
payed workin class 8, with time for child care or care for elderly people in the classes 13 and 19 or with
leisure times in the classes 10 — 12, and 21. Class 20 is the only one with several Hmbbygivork at
homeand similarly school days gather in one class, number 23.

It should be noted that the sequence analysis method which was used for the comparison of diaries is
not only sensitive on budgets but also on the time of day when the activities are performed. This is
illustrated by figure 2. Time of the day is on the abscissa, and the width of the lines corresponds to the
share of diaries where an activity is marked for the corresponding point in time. Both, class 1 and class 4
contain full-time working days, bytayed workstarts usually at 6:00 in class 1 and nearly three hours
later in class 4. Accordingly, trips are made earlier in class 1 than in class 4. In both classes the peak for
travelling is more pronounced in the morning than in the afternoon.

Schmiedel (1984) linked socio-demographic variables directly to the different time use patterns that he
obtained from his classification procedure. Here a more flexible approach is applied. Itis not claimed that
the diary classes correspond one to one to a group of people with more or less homogeneous behaviour.
Instead, the correlation of socio-demographic variables with the frequency of diaries in the different
classes is exploited to compute a probability for the assignment of time use patterns in the model. The set
of the socio-demographic variables is again the result of a clustering procedure. This time, the elements
of the set to be clustered are groups within the sample that are obtained by a very fine classification
of the population in the sample. The comparison of the groups is based on the shares of diaries in the
diary classes. The clusters are characterised by looking for common socio-demographic values among
the groups of the original fine classification. Table 1 lists the person categories that were obtained.

The basic population of the time use survey was the entire population of Germany. To get an idea whether
it can be justified to use the data for the simulation of travel demand in a certain area, it is important to
know whether differences in time use patterns are likely to be influenced by the spatial characteristics of
the area. The administrative districts in Germany are classified bBuhdesamtifr Bauordnung und
Raumwesemto 9 categories from core cities in dense regions to rural areas in rural regions. The cross-
tabulation of the frequencies of the diaries with respect to diary classes and the categories of districts
shows that the latter are only of minor influence compared to socio-demographic variables (Hertkorn and
Kracht, 2002). Nevertheless, for most of the diary classes the rural districts show the same tendency
when the relative deviations of the number of diaries are computed:(n; — e;)/e; with n; being the
observed number of diaries in classande; the expected number of diariesin(Figure 3).
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Figure 3: Relative deviation of the frequencies of diaries for rural areas
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Other indispensable sources of information for activity-based travel demand estimation are data about the
locations for activities in the city to be studied and data about the travel infrastructure: the street network,
public transport connections, and travel times for the different modes. These data were provided by the
Institut fur Stadtbauwesen und StadtverkefrAachen and the Centre of Applied Computer Science
(ZAIK) within the project SimVV (Beckmanret al, 2002). The synthetic population for the City of
Cologne was also adopted from this project. The population was generated by the authors of this article.

3. The structure of the model

The general idea of the model is to select a scheme for every person of the synthetic population and to
complete the scheme with locations for the different activities and travel modes for the trips. We call
the person whose schedule undergoes the different modelling Btefpfie schemes are derived from

the diaries, and to do this the information represented by the classification of the diaries is used. A
continuous period of time in a diary which is filled with one activity is called an episode. In a scheme
each episode has a starting time (the one that was reported in the original diary) and a duration, but also
parameters that indicate the variance of the starting time and duration, respectively. For the calculation
of the variance similar episodes in other diaries of the same class are used. The restriction to diaries of
the same class enhances the probability that the episode is compared with episodes of the same kind not
only with respect to the activity that is performed but also with respect to the structure of the schedule.
A leisure activity in a working day schedule may be different with respect to its flexibility than a leisure
activity in a non-working day.

The selection of locations is a crucial step in the modelling process, because it determines how the parti-
cipation in activities is linked to travel demand. The same schedule may require trips of different lengths
in a different environment. As a basic principle the model of intervening opportunities is appliéd#©rt

and Willumsen, 1999). If travel time was the only criterion for the choice of a location, the task would
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be to look for the closest location or to search the combination of locations that leads to the shortest tour
in the case of a trip chain. However, the list of alternatives that is used in the model will usually not
coincide with the choice set of the individual. Some of the alternatives may be unkndartthey are

not acceptable for reasons of personal taste. Therefore, it is assumed that an alternative is only accepted
with probabilityp < 1. Then the probability for theéth alternative is given by the modified geometric
distribution: f(i; p) = pg'~! with ¢ = 1 — p. The parametep depends on the mapping of activities to
possible locations. If for instanagoing to the theatr@ndvisiting a organ concerare both classified
asvisiting a cultural eventthenp has to be smaller compared to the situation where these activities are
treated separately with two distinct sets of possible locations.

To estimate the travel times that are needed for the ordering of the locations, a mode has to be selected
for the corresponding trip. For most of the activities there is an overwhelming number of locations that
have to be considered. Therefore, the locations are aggregated to destination zones. The algorithm is
applied to zones instead of single locations, the selection is modified to take into account the capacity of
the zones, and the location is chosen at random within the selected zone. If several locations are visited
on a tour, the evaluation of all possible combinations of locations would be very time consuming. To
avoid this, the choices are made successively. The episodes are sorted according to their duration, and
the location for the longest episode is selected first, then the locations for the other episodes are chosen.
The priority of activities is used for the choice of the travelling mode as well. If an individual vehicle is
chosen for one of the prioritised episodes of a tour, then this vehicle must be used for the other trips as
well. On the other hand, if no vehicle was taken along to reach the location of a prioritised activity, then

it is not available for the other trips, either.

The travel times of the original schemes reflect the situation of the person who recorded the underlying
diary. The selection of locations in the area where the model is applied will usually lead to different travel
times. The question is, how this affects the starting times and the duration of the episodes. As mentioned
above, for each starting time and for each duration of an episode a variance has been computed. Shifts in
the starting times or changes in a duration are used to calculate costs for the deviation from the original
scheme. The starting times are altered in a way that the sum of the costs reaches a minimum. Thus, a trip
in the evening that needs more time than was reserved can lead to an earlier starting time of the episodes
that are scheduled before the trip. There is no unidirectional interaction of the episodes. The costs also
allow for a feedback in the selection process of the schemes. This reflects the fact that people usually are
aware of typical travel times when they allocate their time. If the costs exceed a threshold the scheme is
discarded and other schemes are evaluated until an acceptable schedule could be built.

4. The influence of accessibility

In the following the influence of the parameteon the distance that is travelled during a day is illustrated.

The test bed is the City of Cologne. The travelling velocity is held constant, and the same time use
patterns are assigned in both runs. In the first run the probability to reject a location for reasons of
personal taste is set to the maximum value that still ensures that every person is satisfied with at least one
location within the city. The left hand side of figure 4 shows that the distribution of locations is nearly
irrelevant under these conditions. The geometric relations lead to a favorable situation for the city centre.
Whenp is set to a value where people find an acceptable location among the first hundred alternatives,
the peculiarities of the correspondence of the populations activities in a quarter with the locations there
become visible. For a more elaborate interpretation the interplay of the composition of the population
and the supply with locations has to be studied, which was not done yet.
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Figure 4: Average travel distance per person and day by districts
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5. Conclusion

It has been shown how travel demand can be derived from time use date by deriving activity patterns
directly from diaries. It is proposed to classify the data set and to derive the variability of time use
patterns on the basis of the classes. In a microscopic model the patterns are assigned to individuals of
a synthetic population of the City of Cologne, and the patterns are complemented with locations where
activities are performed, and with travel modes. In order to reflect the different conditions in different
quarters of the city, the starting times of activity episodes can be shifted if travel times deviate from the
travel times in the original diary. Schedules are rejected if these deviations exceed an acceptable range.

By focussing on the link between time use and travel demand, it is possible to develop a model with a
set of parameters of moderate size. This make it easier to understand the interplay of the different causes
for the predicted changes in travel behaviour. In addition, computation is fast. This is important if the
model is combined with traffic flow simulation to capture the feed back of travel times on the choice of
locations and travel modes.

The schedules that are generated by this model are directly derived from observed diary data. As a
consequence, the behaviour that can be exhibited by the individuals in the simulation is confined to the
behaviour that was reported by the population of the survey. This constraint is somewhat alleviated by
the fact that temporal flexibility is introduced by allowing episodes to be shifted within the schedule. If
one judges the data set to cover the variety in time use behaviour well, it is a strength of the model that the
same variety can be found in the behaviour of the simulated population, because there are no restrictions
due to a schematic description of the schedules. However, constraints due to regulations concerning
working hours and opening hours are not represented explicitly in the model. Accordingly, the model can
only be applied to scenarios where such regulations remain unchanged and where no drastic changes in
time-use behaviour are expected. Therefore, for long term forecasts the model needs to be complemented
with a module that tells if people adopt time use patterns from the preceding generation, if they stick to
the patterns they are used to, or if there are circumstances where they invent new patterns.
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