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Abstract 
 
Activity based models have been introduced by researchers to better explain the complex 
interaction between activity participation and travel demand. The basic idea is that in modern 
society individuals have to absolve a number of compulsory tasks (work, shopping, child care) and 
that they have more money and more free time for leisure activities out of home. 
Traditional models could not answer to change in policies not related to transport infrastructures. 
However, it is well recognized among decision-makers that only a mix of measures will affect 
travel behavior. Improvements in transport infrastructures can be combined with changes in 
lifestyle: flexible working hours, tele-working etc... 
 
There is clearly a need for knowing how activities are unchained on the daily (and/or on longer 
period) basis and which degree of substitution is possible among stops and tours. In this paper we 
present a scheduling model system to model the complete daily activity travel pattern for workers.  
 
The problem has been attacked by others authors. Ben-Akiva and Bowman (1995) calibrate a large-
scale operational activity based travel demand model with a nested logit structure that includes the 
day activity pattern model on the higher level and the tour model on the lower level. Wen and 
Koppelman (1999) propose an integrated model system of stop and tour formation to model short-
range decisions including generation of daily maintenance activities and the allocation of stops and 
cars to household members.  
Bhat and al. (2003) formalize a very similar framework (but the model system is not yet estimated - 
to our knowledge -) as part of an econometric simulator for daily activity travel patterns called 
CEMDAP. 
 
The choice of model structure and of the discrete number of alternatives to introduce into the model 
system is based on a comparative study, in which we explore the transferability of the framework 
proposed to 4 European countries (Cirillo and Toint, 2002). Following those results, the scheduling 
model system estimated is divided into by three components:  
1. pattern level model, which accounts for the scheduling of tours made during the whole day,  
2. tour level model, in which the choice of the activity to be pursued is made for each tour and  
3. stop level model, which accounts for the number of stops or secondary activities per 

commute leg. 
  
A large number of variables have been estimated including: working schedule variables, activity 
durations at destinations, households and individual characteristics, level of service and inertia 
variables. 
The model is calibrated on a continuous six-week travel diary data set of long-term individual travel 
behaviour, which is part of the German research project Mobidrive.  
A similar framework is being transferred to non-workers by the first author. 

                                                 
1 Corresponding author: ccir@math.fundp.ac.be 
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1. Introduction 
 
 
2. The state of art 
 
In the literature there are several model systems that describe the activity scheduling process. They 
try to give an answer to the practical need of knowing how activities are unchained on the daily 
(and/or on longer period) basis and which degree of substitution is possible among stops and tours.  
 
Ben-Akiva and Bowman (1995) calibrated an activity pattern model as a part of a more 
comprehensive large-scale operational activity based travel demand model system. It includes 
several other components: time of day, duration, location travel mode and travel time for each 
activity. The model system was first implemented by Metro, the Portland, Oregon, metropolitan 
planning organization and then transferred to New York and ???. 
The overall structure is a system of disaggregate logit and nested logit models. The highest level of 
the model system is the activity pattern model. The model determines the purpose of the person’s 
primary activity; three activity types are considered: subsistence, maintenance and discretionary, all 
can occur at home or out of home. Then the model determines the trip chaining, 8 alternatives are 
defined on the basis of the presence of stops on the way to the primary activity, on the way back or 
on both legs, sub-tours work based are also considered. Simultaneously with primary activity the 
model predicts the number and purposes of secondary tours. 
One of the main complexities of this model is the high number of alternatives, given by the 
combination of activity primary purpose, tour type and secondary activities. 
 
Wen and Koppelman (1999) propose an integrated model system of stop and tour formation to 
model short-range decisions including generation of daily maintenance activities and the allocation 
of stops and cars to household members.  
The conceptual structure includes three behavioral blocks. The model distinguishes long term and 
short term decisions. The first block describes how household dials with long run decision related to 
maintenance activities. (work and work related business). The remaining two blocks are short run 
decisions. One stage decision is about maintenance activities or stops (shopping, personal and 
household decisions), and the allocation of autos and activities to household’s members; the other 
generates tours and assigns stops to tours.  
Using discrete choice methods they calibrate a two-stage structure; the first stage include three level 
decisions: generation of maintenance stops, the allocation of stops among household members and 
the allocation of autos to stops. The second stage decisions models two choices: the generation of 
tours and the assignment of stops to tours. 
The model does not include time of day choice, stop duration and travel time to stop.  
 
Bhat and al. (2003) formalize a scheduling model system for workers and non-workers as part of an 
econometric simulator for daily activity travel patterns called CEMDAP. The authors argue that 
given the large number of choice alternatives the joint model of all those alternatives and their 
relative attributes is infeasible and suggest to adoption of a general framework. The framework 
developed comprises two major components: the generation allocation model system and the 
scheduling model system.  Activity travel pattern is represented by a three levels structure: stop, 
tour and patterns.   
Input are land use variables, socio-demographic, activity system, and transportation level of service, 
output of the system is mainly the complete daily activity travel patterns for each individual in the 
household. 
Four types of econometric models are implemented within CEMDAP: regression, hazard duration, 
multinomial logit and ordered probit models. 
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2. Comparing activity patterns across 4 European countries 
 
Table 1 briefly describes the data sources that are used in our comparison, both at the national and 
urban levels. This part is partly drawn from a previous work of the firs author (Cirillo and Toint, 
2002). 
 

Table 1: Period of survey and Number of households, persons and trips in the four surveys 
 Belgium France Great Britain Germany  
Period of survey 1999-2000 1993-1994 1996-1998 1999 
Number of households 3143 14213 9284 162 
Number of individuals 7037 14213 21980 361 
Number of trips 21114 95926 360013 52273 

 
In this section we first compare the surveys (Belgium, France, UK and Germany). We successively 
investigate the following elements of travel behaviour: 

− the number of tours, 
− the daily distribution of tours both for workers, 
− the distribution of stops within tours for workers, 
− the nature of the main activity for each type of tour, 
− the distances from home of the main activity for workers, 
− the activity durations. 

 
Table 2 presents the average number of tours per person; the values are quite comparable for the 
three countries, varying from 1.43 (the lowest registered in UK) to 1.74 (the highest found in 
France), Belgium and Germany being in between.  
 

Table 2: Average number of tours per person 
Number of tours

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

m
ea

n

Belgium

Germany

France

UK

Belgium 1.54

Germany 1.66

France 1.74

UK 1.43

workers

 
 
We now consider the distribution of tours along the day (Table 3); comparison of the distribution of 
the number for workers is also possible with the USA. We first note that the percentage of 
individuals performing at least one tour in the morning pattern is small in all cases. The evening 
pattern is reasonably coherent across the country except for Germany where substantially larger 
number of tours is performed (mostly for leisure) in this part of the day. The French exhibit a very 
specific behaviour (involving higher mobility) at lunch-time: in France 26.8% of workers go out 
during the midday break, in Belgium just 10% live the work place and in UK the percentage is 
4.9%. Americans seem to share a high mobility in the midday pattern with the French probably 
mainly for going out to eat. 
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Table 3: Daily distribution of tours for workers 

Daily distribution of tours for workers
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It is difficult to make a comparison for the distribution of the number of stops. For workers (Table 
4) and with reference to the morning pattern we found very low percentages of people stopping 
more than once. For the morning commute we have a very low percentage in German of about 2%, 
for the other European countries percentages are similar from 6.3 to the maximum of 8.7 found in 
Belgium. We note that the main difference between Europe and USA is the midday pattern, we 
already mentioned the low number of people going out during the lunch break (except France) and 
we now found similar differences in the number of midday pattern stops. 
In the evening commute Europeans stop less than Americans, again in Europe the highest 
percentage is found in Belgium. For the evening pattern we found percentages from the 5.4 (UK) to 
the 15.1 (Germany); again here it is difficult to comment differences and /or similarities. 

 
Table 4: Daily distribution of stops for workers 

Daily distribution of stops for workers
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In Tables 25 and 26 we plot the distances for workers (from the base, which is home except for 
from work leg) and for non-workers (from the base, which is always home). As we expected the 
distances from home to work are a bit smaller than the distances found in the national surveys. The 
work distance in Germany (about 10 Km) is perfectly in line with what found in urban France and 
urban UK. Morning and evening distances look more like UK distances and are very small (4 Km 
in the morning and 6 Km in the evening). In any case morning distance is smaller than evening 
distance. 
Looking at stop distances (red line), we can say that for the morning, to work leg (except France) 
and from work leg the first stop is closer home. For all the four countries the first stop in the 
evening pattern is closer to the destination. 
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Table 5: Distances for workers 

Distances for workers
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It is interesting to observe that activity durations (in Tables 6 and 7) are very close both for workers 
and non-workers. The work duration is about 7 hours, with the maximum in Belgium and the 
minimum value in UK. For workers the morning activity is in general between 30 minutes and 60 
minutes, the evening activity between 90 minutes and 110 minutes. Stop activity durations are small 
and between 15 minutes and 30 minutes.  
 

Table 6: Work duration 
 Belgium Germany France UK 
Work duration 424.78 405.78 399.31 367.15 

 
Table 7: Distances for workers 
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3 Daily activity-travel model 
 
The scheduling model system estimated is divided into by three components:  
1. pattern level model, which accounts for the scheduling of tours made during the whole day,  
2. tour level model, in which the choice of the activity to be pursued is made for each tour and  
3. stop level model, which accounts for the number of stops or secondary activities per 

commute leg. 
A large number of variables have been estimated including: working schedule variables, activity 
durations at destinations, households and individual characteristics, level of service variables, and 
inertia variable, which accounts for deterministic correlation across days. 
 
The model is calibrated on a continuous six-week travel diary data set of long-term individual travel 
behaviour, which is part of the German research project Mobidrive. 
 
3.1 Pattern generation model 
 
Nine pattern alternatives (Table 8: Pattern alternatives) have been selected on the basis of the 
comparative study described in Section 3, from which is evident that the number of people who 
make more than two tours for each type of tour is not large. All people making more than 4 tours 
are grouped all together. 
 
From the initial nine alternatives three of them (BWM and BWMP and > 4 tours) were excluded, 
because none of the respondents have chosen those combinations of activities. Those who reported 
more than one tour for each type have been grouped into the one-tour group, given their small 
percentage. Twenty-one variables have been estimated (the results of the pattern model are reported 
in Table 9: Daily pattern model). Of the five alternative specific constants (work is the base), 
multiple activities coefficients are all negative and significant. Five work scheduling variables are 
reported significant, people arriving at work before nine in the morning are more likely to go just to 
work, people with more flexible working time arrangement are likely to perform before work 
activities. Workers departing between 4 p.m. and 6 p.m. are able to perform three activity tours 
during the day; people leaving work place late in the evening after six are less likely to go out in the 
evening. 
  

Table 8: Pattern alternatives 
1 
 

W only work tour   

2 BW before work pattern and work tours    
3 WM work pattern and midday tours          
4 WP work pattern and post-work tours       
5 BWM before, work and midday tours        
6 WMP work, midday and post-work tours   
7 BWP before, work and post-work tours     
8 BWMP before, work midday and post-work tours  
9 > 4 more than 4 tours 

 
The number of working hours per week is strongly positive in the only-work alternative. Several 
socio-economic variables have been estimated. People aged between 25 and 35 are more likely to 
work only, and old people are less likely to go out after work or to have extra activities during the 
day. 
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Table 9: Daily pattern model 
Number of observations = 2336    
Log-likelihood at zero = -4185.55 
Log-likelihood at convergence   = -2102.70 
Log-likelihood ratio test = 0.4976    
 Alternatives Parameters  Estimates  Stand. Error t-statistics 
Alternative specific constants   

 W (as base) Work tour  

1 BW 
Before and  
Work tours -3.769 0.295 -12.8

2 WM 
Work and  
Midday tours -3.333 0.261 -12.8

3 WP 
Work and  
Post tours -0.932 0.207 -4.5

4 BWP 
Before, Work and 
Post tours -4.291 0.315 -13.6

5 MWP 
Midday, Work and 
Post tours -2.863 0.208 -13.7

Working schedule variables   

6 WP 
Arrival at work before 
9:00 a.m. 1.344 0.117 11.4

7 BW 

Arrival at work 
between 9:00/10:00 
a.m. 0.897 0.305 2.9

8 BWP-MWP 

Departure from work 
between 4:00/6:00 
p.m. 0.970 0.263 3.7

9 WP-BWP-MWP 
Departure from work 
after 6:00 p.m. -1.889 0.208 -9.1

10 Only W 

Arrival at work 
between 9:00/10:00 
a.m. -1.438 0.178 -8.1

Household variables   
11 WP-BWP-MWP Household income 0.073 0.020 3.6

12 BW-WP 
Number of children 
between 12 and 18 0.219 0.082 2.7

Individual variables   
13 only W Age 26-35 0.422 0.208 2.0
14 WP-BWP-MWP Age over 60 -2.165 0.528 -4.1
15 MW Not married 1.349 0.241 5.6
16 BW Married with child/ren 1.343 0.283 4.8
17 BW Female and part Time 0.588 0.292 2.0

18 only W 
Number of working 
hours per week 0.016 0.003 6.0

Inertia variables   

19 Only W 

Inertia  
actual choice = 
previous choice = 
work only 0.868 0.153 5.7

20 BW-MW-WP 

Inertia  
actual choice = 
previous choice =  
1 extra activity -0.168 0.080 -2.1

21 BWP-MWP 

Inertia  
actual choice = 
previous choice =  
2 extra activities 0.706 0.121 5.8
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Singles like to go out for lunch during the midday break, while individuals married with children 
seem to do before-work activities. Eventually, women with part-time job tend to be in charge of the 
before activity, may be thanks to the flexibility of their working status.  
Given the peculiarity of the data-base collected over 6 weeks, we have been able to estimate 
different kind of inertia variables taking into account the relation between actual choice and the 
choice on the day before. In the daily pattern model three inertia variables are found to be 
significant; people who go just to work have a positive inertia, one extra activity on the day before 
affects negatively the probability of two-activity alternatives, individuals with two extra activities 
on the previous daily pattern are more likely to do so again. 
 
3.2 Activity choice model  
 
The alternatives of this model represent the number of daily extra-activities and their type (see 
Table 10: Activity alternatives . Each individual who is considered in this model can go just to work 
(or school) or make one (or more) complete tour(s). Each tour is identified by its purpose, which 
represents the activity with longest duration; other activities included in those tours are identified as 
stops. The activity purposes have been grouped into three categories: maintenance (M), leisure (L) 
and other (O), which includes pick up/drop off and private business. Each worker is supposed to be 
faced to one of these alternatives or to a combination of two of them. 
 

Table 10: Activity alternatives  
1 M Maintenance   
2 L Leisure 
3 O Other 
4 ML Maintenance and leisure 
5 MO Maintenance and others 
6 LO Leisure and others 

 
Twenty-two variables have been estimated in Table 11: Activity choice model. Six of them are the 
alternative specific constants, work-activity being the base. All are reported negative and 
significant, indicating diminishing utility for making additional tours. 
In particular, maintenance is considered the most negative within the one-activity group, workers 
are less likely to be appointed for other activities, then other activities and leisure have less negative 
coefficients and their values is quite close. The two-activity group is negative and very strong; all 
the combinations including maintenance are again the most negative. 
Then work activity characteristics have been explored; unexpectedly the number of stops on both 
legs of the commuter patterns is positive, but not significant. This means that there is little 
substitution between work-stops and other activity daily tours, that confirms what we empirically 
found in a previous research paper (see Cirillo and Toint, 2001). 
The increasing working distance has a negative impact on the leisure activity utility, the work 
duration is again negative for maintenance, other activities and the combination of leisure and other 
activities. We would have liked to estimate those variables for all the alternatives and investigate 
how the work activities affect the composition of the daily pattern, but the small amount of data 
didn’t allow us to do so. 
Next, a number of household and individual characteristics have been estimated. The number of 
children under twelve is positive for both one-activity group and two-activity group, the same is 
found for the number of children between twelve and eighteen. The coefficients are increasing from 
the one-activity group to the two-activity group and with increasing age.  
Being female and having part-time job increase the probability to be in charge of extra-activities. 
Older people are less likely to be involved in the non-work activities, of the two age related 
variables estimated, the coefficient for people over fifty is twice as the other. The last two variables 
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are related to the household composition, individuals married with children or not married are 
reported not likely to be involved in other activities. 
 

Table 11: Activity choice model 
Number of observations = 2336    
Log-likelihood at zero = -4545.64 
Log-likelihood at convergence   = -2822.88 
Log-likelihood ratio test = 0.3790 
 
    
 Alternatives Parameters  Estimates  Stand Error t-statistics 
Alternative specific constants  

 Work (as base)  
1 M Maintenance -1.459 0.291 -5.0
2 L Leisure -0.260 0.204 -1.3
3 O Other -0.464 0.227 -2.0

4 ML 
Maintenance and 
Leisure -3.606 0.277 -13.0

5 MO 
Maintenance and 
Other -3.887 0.296 -13.1

6 LO Leisure and Other -1.704 0.336 -5.1
Work activity variables   

7 1 act. 
Number of stop during 
the commute pattern 0.063 0.053 1.2

8 2 act. 
Number of stop during 
the commute pattern 0.016 0.090 0.2

9 L 
Distance to work 
location -0.110 0.017 -6.3

10 M 
Duration of work 
activity (min/100) -0.149 0.064 -2.3

11 O 
Duration of work 
activity (min/100) -0.092 0.039 -2.3

12 LO 
Duration of work 
activity (min/100) -0.221 0.076 -2.9

Household variables  

13 1 act. 
Number of children 
under 12 0.251 0.088 2.8

14 2 act. 
Number of children 
under 12 0.309 0.155 2.0

15 1 act. 
Number of children 
between 12 and 18 0.568 0.095 6.0

16 2 act. 
Number of children 
between 12 and 18 0.979 0.141 6.9

Individual variables  

18 1act. & 2act. 
Female and part-time 
job 0.657 0.130 5.0

19 1act. & 2act. Age between 25-50 -0.459 0.150 -3.1
20 1act. & 2act. Age over 50 -0.885 0.177 -5.0
21 1act. & 2act. Married with children -0.525 0.165 -3.2
22 1act. & 2act. Not married -0.475 0.151 -3.1

Inertia variables  
23 0 act. Inertia no extra act 0.461 0.099 4.7
24 1act. Inertia 1 activity 0.625 0.233 2.7
25 2act. Inertia 2 activities 0.206 0.122 1.7
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Three inertia variables, which are assumed to be different from zero if the number of tours on the 
day considered is equal to the number of tours on the day before are found to be positive and 
significant except for the inertia variable on three tours. 
 
3.3 Number of stops (in work commute) model 
 
The third and last stage of our activity scheduling model explains the number of stops made by 
commuters during the way to work and the way back home from work location. Six discrete 
alternatives have been considered Table 12: Number of stops (in work commute) alternatives : 
 

Table 12: Number of stops (in work commute) alternatives  
1 none   no stop 
2 1 stop TW 1 stop on the way to work 
3 2 stop TW 2 stops on the way to work 
4 1 stop FW 1 stop on the way back home from work 
5 2 stop FW 2 stops on the way back home from work 
 
6 TWFW 

one or more stop(s) on the way to work and 
one or more stop(s)on the way back home from work 

 
Looking at the alternatives specifics constants (no stop is the base) estimated we note that all the 
them are negative and significant. In particular making stops in the morning is more negative than 
making stops in the evening, also the values increases from the one stop alternatives to two stop 
alternatives. 
Two level of service variables have been estimated: in vehicle time and out of vehicle time, both are 
negative and significant; as we expected the second is about the double in value of the first one.  
The model indicates that the probability of not making any stops increases with increasing number 
of adults in the household, and for singles; it decreases if the household is located in urban area. If 
the home location is situated in an urban area individuals are more likely to stop on the way back 
home or on both commute legs. Female with part time job are more likely to stop once or twice on 
the way to work. Males are less likely to stop in the evening commute pattern. 
Inertia variables indicate that previous day choices have positive influence on the actual stop 
propensity.  
 
Discussions 
Integrate the three models. 
Introduce advanced modeling techniques, correlation among observations, among alternatives. 
 
Conclusions
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Table 12: Stop (in work commute) model 

Number of observations = 2336    
Log-likelihood at zero = -4185.55 
Log-likelihood at convergence   = -1942.68 
Log-likelihood ratio test = 0.5359 
 
    
 Alternatives Parameters  Estimates S. E. t-statistics 

  none (as base)  
1 1 stop TW 1 stop to work -2.657 0.278 -9.6
2 2 stop TW 2 stop to work -5.149 0.411 -12.5
3 1 stop FW 1 stop from work -1.811 0.339 -5.3
4 2 stop FW 2 stop from work -3.571 0.402 -8.9

5 TWFW 
1 stop to work 
1 stop from work -6.350 0.814 -7.8

LOS variables   
6 None To work in vehicle time -0.019 0.006 -3.1
7 None To work out of vehicle time -0.028 0.007 -3.9

Household variables  

8 
2 stop TW 
2 stop FW Number of vehicles 0.607 0.120 5.1

9 None Number of adults 0.181 0.071 2.5
10 None Urban Household location -0.831 0.211 -3.9
11  stop TWFW Suburban Household location 1.963 0.639 3.1
12 1 stop FW Suburban Household location 0.769 0.232 3.3

Individual variables  
13 1 stop FW Male -0.724 0.137 -5.3
14 2 stop FW Male -0.346 0.182 -1.9
15 1 stop TW Female ands part-time 1.016 0.219 4.6
16 2 stop TW Female ands part-time 1.043 0.430 2.4
17 None Not Married 0.762 0.113 6.7

18 
2 stop TW 
2 stop FW Age25-35 0.662 0.281 2.4

19  stop TWFW Age35-50 1.961 0.545 3.6
20  stop TWFW Age over 65 1.228 0.591 2.1

Inertia variables  
21 none Inertia no stop 0.496 0.148 3.3

22 
1 stop TW 
2 stop TW 

Inertia to stop  
on the way to work 0.494 0.121 4.1

23 
1 stop FW 
2 stop FW 

Inertia to stop  
on the way from work 0.206 0.056 3.7

24  stop TWFW 

Inertia to stop both 
on the way to work and from 
work 2.115 0.379 5.6
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