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Abstract 

 

Gothenburg introduced a time-of-day dependent cordon-based congestion 
charging scheme in January 2013. This paper explores how the introduction 
of the Gothenburg congestion charging scheme has affected trip tour and 
trip chaining behavior, using panel surveys conducted in 2012 and 2013, 
before and after the Gothenburg congestion charging began. This study 
proposes a typology of trip tour and trip chaining behavior based on 
organization of trips. Further, the study develops a series of indicators to 
characterize trip chains and trip tours patterns. Descriptive analysis is used 
to compare travel patterns before and after congestion pricing at the day-
level, tour-level and stage-level. The analysis results show that car travelers 
not only suppress activities to a small extent but also tend to have simpler 
tour patterns after the congestion charges implementation. The adaptation 
patterns reduce charges paid to some extent. In general, the reorganization 
of activities taken from on the way from work/school to home contributes 
greatly to reducing the congestion charges paid. A linear model is also 
developed to identify the effects of socio-demographic factors and 
contextual factors on the amount of charges paid based on panel data.   

Keywords 

Congestion charges, trip chaining, trip tour, adaptation pattern, 
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1 Introduction 

Economic incentives play an important role in transport policy. Congestion pricing has long 
been discussed as an efficient means to reduce traffic by traffic planners and economists. 
Congestion charges is a special case of road pricing where the policy aim is to reduce 
congestion, reduce emissions from cars, and sometimes increase revenue.  

Congestion charges should affect travel behavior. Travel is a derived demand. “Travel is not 
pursued for its own sake but only as a means of accessing desired activities in other location” 
[1]. The introduction of congestion charges increases travel cost of car trips. As response to 
congestion charges, people might respond by taking less activity, which leads to fewer trips 
generated. On the other hand, the activities they engaged in might be reorganized, which is 
very difficult to be detected by a simple trip link study. 

Investigation of travel behavior changes due to congestion charges has attracted great 
interest from transport planners. Understanding the response of congestion charges on travel 
behavior would help policy makers with better equitable and efficient infrastructure 
management.  

In general, transport behavior can be analyzed in terms of conventional trip-based approach 
or activity-based approach. Trip-based models use individual trips as the fundamental unit of 
analysis. Activity-based approach, on the other hand, emphasizes activity behavior of travel. 
The usual units in the activity-based approach are trip chaining and trip tours. Briefly, in this 
study, trip chaining refers to a series of continuous trip links and trip tours are chains of trips 
beginning and ending at a same location. 

Activity-based approach offers a better ability to evaluate travel behavior adaptations to 
congestion charges. First, activity-based approach concerns the way people make their travel 
decisions in reality. Individuals adapt their travel behavior to congestion charges by whole-
trip of the day rather than separate trips. The approach could address how people modify 
their activity participations and travel management by analyzing patterns of whole-day travel 
behavior. Second, activity-based approach considers the temporal, spatial and modal 
dependencies and constrains across trips. For instance, if you did not drive a car from home 
to work then the available modes for the return trip should most likely not include the car 
mode. Third, trip-based approach misses information about time dimension. Changes in 
scheduling of trips and substitution patterns of activity participations could not be observed 
by trip-based approach [2]. 

Previous studies have identified effects of congestion charges on travel behavior in many 
aspects. However, much of the analysis has focused on separate trip links and ignored the 
effects of toll systems on the organization of trips. These trip-based analyses have limited 
ability to investigate traveler responses to congestion charges. 

Gothenburg implemented a congestion charging system in January 2013. Resembling the 
system introduced in Stockholm in 2006, it is designed as a time-of-day-dependent 
congestion charging system. With the Gothenburg travel diary data collected before and after 
the congestion charges in 2012 and 2013, we get the opportunity to evaluate travelers’ 
adaptation patterns in trip chaining and trip tour behavior with the congestion charges. 
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The study investigates how travelers adapted to the Gothenburg congestion charges in terms 
of both trip chaining and trip tours travel behavior. The short term effects on trip chaining 
and trip tour pattern exhibited before and after the Gothenburg congestion charges will be 
analyzed. The objectives are to: 

1) Identify trip tour patterns before and after the congestion charges at individual level; 

2) Investigate adaptation patterns on trip chaining, trip tour behavior on the whole day level; 

3) Examine individual socioeconomic/demographic factors, geographic context and 
contextual factors associated with equity effects in terms of reducing the tolls paid. 

The study provides an opportunity to understand travelers’ response on trip chaining and 
trip tour to the congestion charges. The behavioral analyses to the congestion charges have so 
far focused on unlinked trips in isolation. The study should inform transport authorities 
more information on travelers’ adaptation patterns to the congestion charges. The finding of 
this study will redound to the benefit of policy makers considering better infrastructure 
management.  

The report is organized as follows. First, a literature review on previous studies of relevant 
topics. Next, the Gothenburg charging scheme and the data used in this study are introduced. 
Using a pre-defined conceptual framework, activity travel patterns before and after the 
congestion pricing have been compared for different car use individual groups. Furthermore, 
linear models have been developed to study how socioeconomic/demographic factors and 
geographic context affect the amounts of tolls paid for car accessible travelers. The report will 
be completed with a summary of the main findings and a discussion including remarks and 
implications. 

2 Literature Review 

2.1. Congestion Pricing and Adaptation Patterns 
Congestion pricing can affect travel behavior by changing the generalized costs of alternative 
modes. Pigou [3] has explained the theoretical mechanism of traveler’s adaptation on 
congestion pricing. Travel is the derived demand to meet individual’s needs to participate in 
activities such as work, education, shopping and recreation at other locations. Individuals 
make their choices on whether or not to travel, where to travel, when to travel, which mode of 
travel, and whether to chain trips into one integrated travel route or tour. To make such a 
decision, on one hand differences in individual factors such as gender, income, age etc. might 
make a difference. On the other hand, the supply of transport also in turn determines 
individuals travel. Congestion pricing changes the generalized costs of alternative modes and 
thus affect all consequential choices of travel, leading to relative changes of travel behavior. 

The implementation of congestion charging policies may elicit various types of behavioral 
changes. Steg and Schuitema [4] listed possible behavioral changes as adaptations to 
transport pricing, including changes in in driving behavior, travel behavior, vehicle 
ownership and location choice.  Across a number of studies, the impact of congestion pricing 
on travel behavior was examined either based on hypothetical field experiment or practical 
application of congestion pricing. Mode shift [5] and changes in travel routes [6] are often 
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observed as large effect of congestion pricing. Some scholars [4] [7] presented their opinions 
on the sequence of behavioral changes. For example, Loukopoulos et al. [7] assumed an 
ordering adaptation patterns according to a cost-minimization principle.   

To get a complete and comprehensive overview of adaptation patterns of congestion pricing, 
it is highly important to distinguish between these types of behavioral changes and to take 
into account short as well as long-term effects of transport pricing [4]. The adjustments of 
different levels of choices in response to congestion pricing take time. Eliasson [8] explained 
the difference between long-term effects and short term effects and believed that long-term 
effects are most likely to be similar to the short-term effects. Moreover, some scholars [4] 
showed that some significant behavioral adaptations such as change residential locations and 
work places may occur in the long term only. 

Individual differences may exist in the adaptation strategies. Scholars pointed out that the 
impact of congestion pricing on the different levels of choices depends on the purpose of 
travel and differs among individuals with different socio-economic characteristics. Steg and 
Schuitema [4] presented that high income individuals might increase the frequency of car use 
to take advantage of the improved traffic congestion during peak hours. The role of justice 
and fairness are important for policy makers and the society. Therefore, equity concerns are 
particularly important for the appraisal of congestion pricing schemes. Minken and Ramjerdi 
[9] used an equity target as a constraint when optimizing the congestion pricing scheme. 
Karlström et al. [10] [11] analyzed the equity effects of the Stockholm congestion charging 
system and found that men changed their travel habits more than women did. 
 

2.2. Trip chaining and trip tours 
Understanding trip chaining and trip tour pattern needs a number of behavioral and 
conceptual frameworks. However, there are no agreements on the terms. It is not clear that 
whether they are synonymous and interchangeable. But Primerano et al. [12] summarized 
that the term trip chaining refer to one or more continues trips in a great amount of research, 
while home-to-work chains and work-to-home chains had been most emphasized by the 
scholars. Home-based tour is also widely used to describe a sequence of trip links which 
started from home and continues until the traveler returns home again [13] [14].  In addition, 
activity purpose is applied to categorize different trip chaining and trip tour [14] while the 
number of stops is used to describe complexity of trip chaining and trip tour [15] [16] [17] in 
general.  

Much of the work studied identifies different factors that impact trip chaining and trip tour 
patterns, especially on stop-making propensity. Trip chaining and trip tour patterns are quite 
distinct with respect to household and personal socio-economic characteristics [15] [18] [19] 
such as age, gender, household structure, young children etc. For example, McGuckin and 
Murakami [15] studied gender effect on the number of stops to and from work, and suggested 
that women may take greater family and household activity responsibilities to chain trips 
together. In addition, geography, land use pattern as well as trip-specific attributes such as 
travel times and costs [19], and time of day [12] [13] have also been incorporated into the 
analysis of trip chaining and trip tour behavior. Noland and Thomas [17] examined the 
impact of residential population density on the complexity and the frequency of trip tour. 
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Bhat [19] found the negative effect of out-of-vehicle travel times on stop-making propensity 
during the work commute.  

The relationship between mode choice and trip chaining and trip tour travel pattern has been 
studied. Milthorpe and Daly [20] found considerable differences on main mode used for 
travels away from home and return home within home-based tours in Sydney. Hensher and 
Reyes [21] indicated that “the more complex the trip the less likely public transport would be 
used”. Similarly, Strathman [13] suggested that complex chains are relatively more reliant on 
car mode due to its better mobility. McGuckin et al. [15] showed that car drivers have more 
propensity to have trips chained in home-work commute. Moreover, the decision mechanism 
of trip chaining and mode choice was discussed. Ye et al. [22] argued that the complexity of 
the trip chaining pattern drives travel mode. However, Noland and Thomas [17] found that 
mode choice has a significant impact on a household’s trip chaining behavior. 

Apart from mode choice analysis, not many studies have explicitly considered changes in trip 
chaining and trip tour as an adaptation to congestion pricing. Only a few researchers 
mentioned trip chaining and trip tours trends concerning congestion pricing policy. Franklin 
et al. [23] suggested that individuals were likely to combine activities and increase the 
number of trips chained in response to the congestion pricing in Stockholm. In the 
assessment of the Oslo cordon toll scheme, Ramjerdi [24] implemented a linear regression 
model on the number of car trips per tour. However, it was pointed out that the decreased 
number of car trips per tour is more likely to be explained by under reporting and economic 
factors rather than congestion pricing.  

2.3. Activity Pattern Analysis 
The study of transport policy is possible to be improved by activity pattern analysis. In 
contrast with traditional trip-based approach which deals with separate trips, activity-based 
approach regards “travel as a demand derived from the need to pursue activities”, taking the 
inter-relationship between activity participation and scheduling into accounts [25]. The 
activity-based pattern analysis would examine how individuals change their activity 
participations and arrangements during time-of-day in response to congestion pricing. 
Therefore, the activity-based pattern analysis offers a holistic view to evaluate congestion 
pricing effects that cannot be [26] accessed by trip-based analysis. 

Since last century, activity-based method has been proposed to forecast travel demand by 
simulation based and econometric based approaches. For instance, Kitamura et al. [26] 
presented that daily activity travel patterns can be generated in a practical manner by micro-
simulation approach. Bowman and Ben-Akiva [27] implemented an activity-based discrete 
choice model system which provides an overall structure on daily activity travel pattern.  

In recent years, activity-based method have received much attention and part of the research 
efforts is focused upon the application of it to better describe travelers behavior [28] 
[29].However, to our knowledge, little effort has been put on the application of activity-based 
approach on congestion pricing analysis. Keuleers [6] estimated the effect of congestion 
charges on activity travel patterns by a hypothetical field experiment and concluded that the 
overall activity participation and activity scheduling were largely unchanged. Ozawa [30] 
estimated the change in travel pattern of a hypothetical congestion pricing policy at 
individual level using fuzzy reasoning based model and stated that the majority population 
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has no change in the number of daily trips. But different variations in the number of daily 
trips were found between those who change mode or departure time and those who switch 
mode from car to public transport. 

3 Gothenburg congestion charges system  

3.1. Congestion charges scheme 
Gothenburg is the second largest city in Sweden with a population of 500 000 approximately. 
It is located on the west coast of Sweden about half way between Copenhagen and Oslo. 

Gothenburg congestion charging scheme is part of the West Swedish package, a major 
investment in public transport, roads and railways in West Sweden. The purpose of the West 
Swedish package is to contribute to the good conditions for growth needed to western 
Sweden including Gothenburg, which as the core should be “an attractive, sustainable and 
growing region”. The charging scheme is proposed and managed by the Swedish National 
Road Administration, the City of Gothenburg and the relevant regional authorities, with the 
overall aim to reduce congestion, improve the environment and finance public transport 
infrastructure. 

In January 2013, a time-of-day dependent cordon-based congestion charging scheme was 
implemented in Gothenburg. The Gothenburg congestion scheme uses the same technology-
Automatic Number Plate Recognition (ANPR) as in Stockholm congestion system. The 
congestion tax boundary consists of a circle cordon with two antlers (see Figure 1), 
implemented by 38 control points along the cordon. The amount of tax payable depends on 
the time of the day a motorist crossing the cordon. Charges are levied 6:00-18:29 on 
weekdays, ranging from 8 SEK to 18 SEK according to a pre-established daily schedule. A 
multi-passage rule states that if passing the cordon more than once within 60 minutes, only 
the highest charge has to be paid. The maximum amount of tax per vehicle per day is 60 SEK 
[31]. 
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Additionally, the sample was designed to ensure the data were statistically representative of 
the demography and geographic distribution of the city population. The sampling frame for 
the survey included all residents aged 18-70 years in Gothenburg municipalities as well as in 
the municipalities of Ale, Alingsås, Härryda, Kungsbacka, Kungälv, Lerum, Mölndal, Partille, 
Stenungsund and Öckerö. The sample was taken by 8090 people. Before measurement was 
replied by 4080 respondents and after measurement was replied by 2924 respondents.  

 

Figure 2 Map of Gothenburg neighborhoods including primary areas (City of Gothenburg, 2011) 

To improve the representativeness of the sample specifically to provide sufficient accuracy for 
commute trips across the cordon, stratified sampling method was used when collecting data. 
The stratum of individuals whose commute trips were likely to be affected by the congestion 
charge was given significantly higher selection probability. Response rate to the survey varied 
among different groups. For instance, younger age groups were underrepresented and older 
age groups were over-represented in the response group, and women answered the 
questionnaire to a greater extent than men. To correct for both the different selection 
probabilities for different stratums, and for the distortions that arise because of varying 
response rates in different groups, weights had been calculated. The weighting enables 
analysis describes the whole population travel habits. 

The analyses might be affected by the particular use or non-use of weights. The analysis using 
weights could describe the travel habits of all the residents in the study area. Without weights, 
the analysis might over-evaluate the resident groups of higher selection probability and the 
resident groups of higher response rate and under-evaluate the resident groups of lower 
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selection probability and lower response rate. Consequently, residents that are expected to 
take cross cordon commute trips will be over-evaluated in general. 

4 Conceptual Framework  

Activity travel patterns are very complex to describe without any detailed vocabulary. This 
study defined a particular conceptual framework to reduce the complexity in a certain way.  

4.1. Terminology 
It is necessary to clarify and define the terms used in the analysis. As we clarified in the 
literature review, the transportation profession followed some potential rules on the 
definition of trip chaining and trip tours. Based on these rules and Prof. Kay Axhausen’s 
essay [32], the terminology used in this study includes following: 

Stop 

Stop (S) is the destination of a trip where individuals undertake their activities outside home. 
Places to transfer travel mode are not considered as stops. For instance, if a person leaves 
home, goes to a supermarket to buy some daily use, and goes back home, then the 
supermarket is the only stop within the travel. Working places are the primary anchors in the 
analysis. Travels between home and working places are emphasized.   

Trip Link 

Trip link or its simplified term “trip” is used to describe the movement from one destination 
to another destination in order to access the desired activity using a certain travel mode. In 
the data, one trip link is corresponding to one trip purpose, an assumption is made that 
people do not merge their activities locations into one trip link’s destination. 

Trip Chaining 

Based on trip links, trip chaining is defined as a series of spatially and temporally continuous 
trip links for an individual to undertake activities at multiple destinations. Namely, trip chain 
is the linking of trip links.  

Trip Tour 

A sequence of trips from A via various activities destinations backs to A form a tour. The end 
point of a tour will be the start point for the next tour. The whole-day schedule then could be 
described by all the tours containing all the travel undertaken between getting up and going 
to bed again.  

Home-based tour and sub-tour 

Home-based tour is the travel from home to undertake one or more out-home activities and 
back home again. In the study, home-based tour was emphasized since most trip tours the 
individuals made were complete home-to-home journeys which begin from home (H) and 
end home (H).  
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Moreover, it is possible to have a tour within a home-based tour. For instance, a tour could be 
created when an individual goes to lunch from workplace and comes back to the workplace 
again. A tour within a home-based tour is a sub-tour. Introduce of sub-tours provides a better 
understanding of interactions between non-home-based trip tour and home-based trip tour. 
In fact, work-based sub-tour is an extremely common non-home-based travel type. 

 

Figure 3 An illustration of a home-based tour 

Primary activity of the day 

Another key term in the study is primary activity of the day (P). Individuals are assumed to 
make trips for specific purposes of engaging in activities. In other words, activities drive trip 
making process. It is fair and reasonable to assume each individual has a primary activity of 
the day. Also, activities could be ordered by priority. The activity of the highest priority that 
individual engages in during the day is regarded as the primary activity of the day.  If there 
are two or more trip links with purposes at same highest activity priorities levels, then the 
one with the longest stay duration is regarded as the primary activity.  

The list of activities according to priorities is: 

i. Go to work/school 
ii. Pick up/drop off children 

iii. Business in work 
iv. Purchase of food/Other purchase/Other activities 

Primary tours and secondary tours 

A primary home-based tour is defined as the home-based tour includes the primary activity 
during the day. If a commuter makes a commute tour, then that is the primary tour. If there 
are no commute tours, the primary tour is the tour contains the highest-priority activity of 
the day. Secondary tours are the tours an individual made within the day except for the 
primary tour. 

Stage 

The entire trip tour is “bundled” by anchors of home and primary activity destination:  from 
home to primary activity stop, from primary activity stop to home, and in some cases from 
primary activity stop to primary activity stop. Stages are used to describe these “bundled” 
movements. 
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In summary,  an individual’s  daily  activity-travel  pattern  was  characterized by  attributes 
associated  with  the  entire  daily  tour(s), the primary tour and secondary tour(s) , as well as 
stages of the primary tour . 

4.2. Typology 
A framework was used to describe individual’s daily trip tour behavior according to the 
flowing typologies. First of all, according to the appearance of primary activity of the day, all 
trip tours of an individual having during the day were classified into primary tour and 
secondary tour(s). Secondly, for primary tours, a detailed typology was introduced by the 
appearance of sub-tour(s) within the primary tour and the number of stops in each stage. 
More specific classification is explained in data analysis part of the report. 

 

Figure 4 An illustration of daily activity pattern framework 

4.3. Indicators 
How the congestion pricing can affect the spatial and temporal organization of activity 
patterns is of great interest in this study. It was expected that individuals probably change 
their activity patterns in order to reduce the amount of tolls they need to pay or take 
advantages of the improved car traffic situation. The study concerns the following 
characteristics of trip links and trip tours are in the concern: 1) whether the travel mode is car 
or not car; 2) whether the trip link cross cordon or not; 3) corresponding toll fee level of a trip 
link; 4) whether the trip link would be charged or not: 5) the number of trip links. 

Indicators were implemented to capture these characteristics. Generated from the day 
activity schedule, indicators enable to distinguish and measure the extent of changes in mode, 
location or time. 

The daily activity trip pattern was described by a mathematical framework using the 
following indicators: 
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Specifically, the total toll fee of an individual is 

 

5 Aggregate Activity Pattern Analysis 

The analysis is mainly composed of two parts: aggregate activity pattern analysis and 
disaggregate activity pattern analysis. 

Aggregate activity pattern analysis investigated the overall changes on trip chaining and trip 
tour patterns with the implementation of Gothenburg congestion pricing scheme. To 
understand the adaptation mechanism, the following questions were answered in the 
aggregate analysis part: 

1) Divided the study object into four groups, individuals who did not use car before and after 
the congestion charges, individuals who used car before and after the congestion charges, 
individuals who only used car before the congestion charges and individuals who only used 
car after the congestion charges. How trip chaining and trip tour patterns changed among 
these individual groups?  

2) To what extent did individuals respond to the cordon tolls by altering the organization of 
trip chaining and trip tour?  

3) How individuals reorganized their trip tours? For example, by linking more trips together?  
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4) Are there any difference between primary tours and secondary tours? Are there any 
differences among different stages of the primary tour? 

5.1. Methodology 

Home-based tour analysis structure  

Travel patterns realized the decision results of a trip maker. Figure 5 presents the overall 
structure of home-base tour analysis framework. The basic elements are separate trips at trip 
link level, which have been studied in a great quantity of transport policy studies. A series of 
continuous trips constitute a trip chain. All home-based tours of the day are used to describe 
the individual’s daily activity pattern, which is the highest level.  

 

Figure 5  Home based tour analysis structure 

The analysis basically followed a “from top to bottom” principle. The first thing to investigate 
was home-based daily activity patterns at the highest level, followed by tour level (primary 
tours and secondary tours) and ended at specific stages of primary tours. The study focused 
on stages from home to primary activity and from primary activity to home at chain level. 
Chains are the component elements of home-based tours. Since characteristics of trip link 
level are component elements of analysis at any other higher levels, patterns of trip link level 
would be indicated in that way. Trip-link-level was not studied separately. 

Panel data 

Panel data was used to describe travel behavior changes before and after the congestion 
pricing. Panel data records cross-sectional time-series measurements of one or more 
variables on individuals. Mostly they come from panel surveys like the panel survey 
implemented for the Gothenburg Congestion Pricing Scheme. In this study, only two time 
series (before and after the congestion charges) were observed for each individual. More 
information about the data can be found in 3.2 data description. 

5.1.1. Data Process 

Trimming data 

The data used was generated from the day activity schedule of the travel survey. Only those 
individuals who traveled from home and back home again in both years were selected in the 
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analysis. The data process identified the trip tour and trip chaining structures of an 
individual during a day from his whole day’s travel. 

To exclude the impact of changes in land use pattern on trip chaining and trip tour behavior, 
individuals who changed residential locations as well as working places were excluded from 
the dataset.  

The process to get the data for analysis is demonstrated below. 

Table 1 Process for trimming data 

1. Remove individuals who do not travel in both years 
2. Remove individuals who only answer the survey in one year 
3. Remove individuals who lack of key individual variables and trip related variables 
4. Home based tour test 

a. Check if the first trip of the day is from home to other places 
b. Check if the last trip of the day is a go home trip 
c. If the last trip of the day is not a go home trip, check if the second last trip is a go home 
trip  

5. Extract individuals home-based trip information who satisfy  “home-based tour”  (a + b) 
or “home-based tour + one after home trip” (a + c) in step 4 
* For some individuals, the last trip might from their home to the airport/train 
station/night shift work/ a friend’s home. We tend to believe that expect for the last trip, 
other home-based tours would still be efficient to illustrate travel patterns of the day. 

6. Identify all home-based tours 
7. Remove individuals that only with one-year trip data 
8. Remove individuals that change residential locations and work place 
 

Check Absence-of-Bias after trimming 

The absence of any characteristic associated with an assessment that might offend or unfairly 
penalize those being assessed. The original sample and processed sample are compared by 
histograms and t-test.  The analysis illustrates that the processed sample has a risk of 
undervaluing elder individual groups.  It would be better to use a not biased sample but we 
are inclined to believe that the processed sample is the best way to analysis home-based tour 
behavior. In this manner the conclusion drawn from the analysis should take with some 
caution. 
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Figure 6 Age distributions of original sample and processed sample 

Apply typology and indicator frameworks to the dataset 

The methodological approaches were applied to the survey data. Activity tour patterns were 
substantiated by the given terms, categories and calculated indicators at every stage, every 
tour and every day of each individual. These characteristics of activity travel patterns, with 
individual characteristics and other travel-related characteristics were merged together.  

As indicated above, the individuals were divided into four groups based on car use. People 
who used car both before and after the congestion pricing have been emphasized. The reason 
behind it was that the congestion pricing system was expected to unlikely affect people who 
did not use car before and after its implementation. In addition, it is probably different in 
adaptation patterns between people who transferred from car mode to other modes and 
people who transferred from other modes to car mode.  

It must be noted that people were assigned into these groups based on whether or not car 
mode was used on any travel of the day. In the survey, people were expected to answer their 
main mode of each trip. Some people used car mode as a main travel mode for the whole day. 
For others who used multiple modes, if car mode was used for any segment of the daily travel, 
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then the individual was assigned to use-car group of that day. One may argue that people who 
used car as prevalent mode and who used multiple modes should be also classified; however, 
the major concern in this analysis is that whether car mode was used for any part of the daily 
travel thus potentially contributing to the differences in adaptation patterns.  

5.1.2. Assumptions 

Travel patterns transition reflects people’s decision making on the adaptation of congestion 
pricing. Eliminating all other factors, the influence of tolls fee was unlikely to involve people 
who did not use car in both years. Thus, the population group who did not use car in both 
years was expected to be the control group. For people who used car in the first year, the 
majority of them were expected to adjust their travel patterns after the congestion pricing 
implementation in order to reduce the tolls. In other words, if a same congestion charging 
scheme was applied to calculate “faked” tolls in 2012, the amount of “faked” tolls in the day of 
2012 should be larger than the amount of “real” tolls paid in the day of 2013. To attain the 
tolls reduction goal, people might generally make their adjustments on activity participation 
in three aspects: 1) still used car mode to travel but make it more economical; 2) did not use 
car  to access activities; 3) substituted activities by in-home activities or suppressed 
activities . The first aspect could be many things, including changing cross cordon time  
to a lower toll level, changing activity location to avoid cross cordon  , chaining trips to 
reduce times of toll collection ) etc. The corresponding indicators would be discussed. 
Instead, some people might take advantages of the improved car traffic and use car more 
often in their travel. It is hard to tell exactly who they are just by assumptions. However, 
those who did not use car in 2012 but used car in 2013 are assumed to have this potential. 
Besides, using car only after the congestion pricing would probably affect the travel patterns 
in some way. Hence, those who only used car after the congestion pricing was also 
distinguished from the population in the analysis. 

5.2. Results and discussion 
The aggregate analysis results are presented in three sections. The first section demonstrates 
the transition of activity patterns at day level. The number of individuals choosing different 
daily activity patterns before and after the congestion pricing would be compared and 
discussed. The second section provides the transitions of the number of individuals on 
different primary tours. The third section has summarized and discussed indictors at day 
level, tour level and stage level. All these results are demonstrated according to the car-use 
groups. 

5.2.1. Number of individuals at Day level 

According to our data and the typology framework, daily tour patterns were classified into 
four categories. First, primary tour day tour pattern (PriT) refers to that all activities 
including primary activity are chained by travel within the primary tour without any sub-
tours. Second is primary tour with secondary tour(s) pattern (PriT+SecT(s)), what is different 
from PriT pattern is that one or more than one activity is taken in a secondary tour (or 
secondary tours) rather than the primary tour. Third is primary tour with subtour(s) 
(PriT+SubT(s)) daily activity pattern. Similar to primary tour day pattern, all activities are 
linked by the primary tour. In addition, one or more than one activity is finished with sub-
tour(s) within the primary tour. The last daily tour pattern (PriT+SubT(s)+SecT(s)) refers to 
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the situation that activities of the day are taken by the primary tour, sub-tour(s) and 
secondary tour(s). For convenience, abbreviations of these daily tour patterns in the 
parentheses are used in this report. 

In our data, about half of the whole population used car for both years while one third of the 
population did not use car for both years. There is also small portions of the whole population 
that transformed from car-use to no-car use and transformed from no-car use to car-use 
respectively. Table 2 shows that the majority of all groups chose the simple primary daily tour 
pattern (PriT) and seldom chose the very complex PriT+SubT(s)+SecT(s) pattern for both 
before (2012) and after (2013) congestion pricing scenarios. Small portion of people had 
secondary tours and few people had sub-tours for both years.  

 

Table 2 Number of people and percentage change in daily activity pattern among car use groups  

           # of individuals    
 
 
Daily Tour Pattern          

No-car to no-car No-car to car car to no-car car to car 

2012 2013 % Change 2012 2013 % Change 2012 2013 % Change 2012 2013 % Change 

PriT 203 205 0.9% 52 34 -30.0% 42 58 25.0% 252 277 6.9% 

PriT+SecT(s) 20 27 3.0% 6 23 28.3% 19 6 -20.3% 77 61 -4.4% 

PriT+SubT(s) 9 3 -2.6% 2 2 0.0% 3 0 -4.7% 28 21 -1.9% 

PriT+SubT(s)+SecT(s) 3 0 -1.3% 0 1 1.7% 0 0 0.0% 4 2 -0.6% 

Sum 235 235 0.0% 60 60 0.0% 64 64 0.0% 361 361 0.0% 
 

The distribution of the number of people in each daily tour pattern did not change much 
within no-car to no-car group, which is in consistent with expectations. Especially the 
number of people choosing PriT pattern became fairly stable.  

On the contrary, the distribution of the number of people on daily tour patterns with car to 
car group changed a lot. About 7% more car use travelers chose PriT pattern after the 
congestion pricing. Even though not many people chose the other three daily activity patterns 
before the congestion pricing, the number of people in all those three patterns showed a 
reduction. It is a remarkable fact that more people who used car in both years had simpler 
daily activity pattern in the second year, especially more without-secondary-tour(s) daily 
activity patterns (PriT pattern and PriT+SubT(s) pattern). One possible interpretation might 
be that it always takes more trip links to engage certain activities with secondary tour(s) 
pattern in contrast with including all the activities in primary tour. i.e. under secondary 
tour(s) pattern activities are assigned into different tours (See figure 7). In that case, 
avoidance of secondary tour(s) pattern has the potential to reduce the risk of being charged. 
Also, fewer individuals had sub-tour daily activity patterns in the second year. One possible 
explanation could be that the trip links connected work/education activity and the other 
activity in sub-tours would be charged by the cordon. If assumed same activities locations, 
some individuals were inclined to link their activities together without duplicate the potential 
charged link twice (See figure 8) after the congestion pricing.   
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The number of people chose PriT pattern increased for those who used car in the first year 
but did not use car in the second year.  Correspondingly, people who began to use car after 
the congestion pricing tended to choose more complex daily tour pattern in the second year.  

 

Figure 7 An explanation of decreasing secondary tour(s) activity patterns 

 

Figure 8  An explanation of decreasing sub-tour activity patterns 

A limitation is the dataset only covers two measurements over time. In other words, there is 
only one observation for each individual in the before circumstance and after circumstance. 
Therefore the transformation from one daily activity pattern to another daily activity pattern 
of an individual might just be a random event. Net transition matrix provides a better 
identification in terms of how individuals transform among different daily activity patterns. 
Based on the transition matrix which identifying the amount of people chose daily activity 
patterns between two years, net transition matrix calculated the net increase/decrease in the 
number of people transfer between two daily activity patterns. Net transition matrix of daily 
activity pattern is demonstrated in table 3. No-car to car group and car to no-car group 
reflected opposite transformation between PriT+SecT(s) pattern and PriT pattern. Car to car 
group showed transformation from PriT+SecT(s) pattern and PriT+SubT(s) pattern to PriT 
pattern. The net transitions in daily activity patterns of these three groups were not relatively 
big but still noticeable. 
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Table 3 Net Transition Matrix of Daily activity patterns  

(1. PriT 2. PriT+SecT(s) 3. PriT+SubT(s) ; 4. PriT+SubT(s)+SecT(s)) 

 

5.2.2. Number of individual at Tour level and Chain level (Primary Tour) 

Most emphasis in this part is given to the analysis of primary tour at tour level due to the fact 
that few individuals have secondary tours. It analyzed if a primary tour had any sub-tour 
within primary tour, whether it chained home to primary activity only or chained primary 
activity to home only, chained both ways or did not chain. 

Primary tour patterns were classified into three master categories, which are primary tour 
without sub-tour, primary tour with one sub-tour and primary tour with two sub-tours.  For 
convenience, abbreviations were used for home (H), primary activity (P), and one or more 
than one stop ({S}). The symbol “-” refers to chaining. The first two master categories are 
both specified by four subcategories according to the complexity of stage from home to 
primary activity (HtP) and stage from primary activity to home (PtH). For no sub-tours 
master category, the four subcategories are no chain (H-P-H), chaining home to primary 
activity trip only (H-{S}-P-H), chaining primary activity to home trip only (H-P-{S}-H) and 
chaining both from home to primary activity and from primary activity to home trips (H-{S}-
P-{S}-H). Similarly, four subcategories for with one sub-tour master categories are H-P-{S}-
P-H, H-{S}-P-{S}-P-H, H-P-{S}-P-{S}-H, and H-{S}-P-{S}-P-{S}-H. Considering few people 
chose two sub-tours primary tour pattern, no subcategories were provided.  

        2013    
2012 2 3 4

        2013    
2012 2 3 4

1 4 -4 -2 1 16 2 0
2 -2 -1 2 -2 1
3 0 3 0
4 4

        2013    
2012 2 3 4

        2013    
2012 2 3 4

1 -14 -2 0 1 -13 -12 0
2 -1 0 2 3 0
3 0 3 -2
4 4

car to no car car to car

no car to no car no car to car
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Table 4 Number of people and percentage change in primary tour patterns 

 

According to the typology, each individual has a primary tour of the day. Table 3 exhibits how 
the number of people changed among different primary tour patterns with the congestion 
pricing. In general no matter in before and after the congestion pricing circumstances, the 
largest number of people in each car use group chose to travel directly between home and 
primary activity. The majority change in the number of people dealt with primary tours 
without sub-tours. Moreover, the primary tour pattern with only the return trips between 
home and primary activity seems to be rather popular for the whole population. 

It is unexpected that the distribution of the amount of people on primary tour patterns 
changed not only for those who used car for both years but also for those who used car 
neither year. In terms of primary tour without sub-tour(s) pattern, for no-car to no-car group, 
more people had round trip between home and primary directly (H-P-H) while less people 
chained home to primary trip/ primary trip to home (H-{S}-P-H, H-P-{S}-H) after the 
congestion pricing. For car to car group, only the number of individuals with simplest 
primary tour type (H-P-H) increased. People tended to choose a simpler primary tour after 
the congestion charges. The number of people chained home to primary trip (H-{S}-P-H) and 
the number of people chained primary tour to home (H-P-{S}-H) were almost same after the 
congestion pricing. The number of people only showed a relatively large reduction in chained 
both HtP and PtH category (H-{S}-P-{S}-H). 

Moreover, no-car to car group showed a significant reduction of the number of people in H-
P-H group and a significant increase in H-P-{S}-H group. Car to no-car group had an 
increase in the number of people in H-P-H group while small variations in other no sub-tours 
primary tour patterns (H-{S}-P-H, H-P-{S}-H and H-{S}-P-{S}-H).  

2012 2013 delta 2012 2013 delta 2012 2013 delta 2012 2013 delta

1
Did not chain

133 166 14.0% 35 28 -11.7% 30 43 20.3% 152 171 5.3%

2
Chained HtP Trip only

23 14 -3.8% 9 4 -8.3% 8 4 -6.3% 36 36 0.0%

3
Chained PtH Trip only

58 38 -8.5% 10 22 20.0% 17 15 -3.1% 95 93 -0.6%

4
Chained Both

9 14 2.1% 4 3 -1.7% 6 2 -6.3% 46 38 -2.2%

5
Did not chain

6 3 -1.3% 2 2 0.0% 2 0 -3.1% 15 10 -1.4%

6
Chained HtP Trip only

1 0 -0.4% 0 0 0.0% 0 0 0.0% 3 2 -0.3%

7
Chained PtH Trip only

5 0 -2.1% 0 0 0.0% 1 0 -1.6% 10 6 -1.1%

8
Chained Both

0 0 0.0% 0 1 1.7% 0 0 0.0% 2 3 0.3%
With two 
sub-tour 9

All subtypes
0 0 0.0% 0 0 0.0% 0 0 0.0% 2 2 0.0%

Sum 235 235 0.0% 60 60 0.0% 64 64 0.0% 361 361 0.0%

car to car

No sub-tour

With one 
sub-tour

no car to no car no car to car car to no car
Category
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Table 5 Net Transition matrix of primary tour patterns 

 

Correspondingly, the net transition matrix about how individuals transform among different 
primary tour patterns is calculated.  As illustrated in Table 5, there was almost no net 
transition of primary tour patterns for no-car to car group and car to no-car group. The only 
considerable trend dealt with in the number of people from H-P-{S}-H to H-P-H for car-to-
car group and no-car to no-car group. Remarkably, the transition from H-P-{S}-H to H-P-H 
was even in a larger extent for no-car to no-car group. It is not easy to interpret the transition 
happened with no-car to no-car group, which in our expectation it should be the control 
group without any remarkable transitions. However, in terms of primary tour patterns of 
these two groups, people were more likely to choose a simpler primary tour after the 
congestion charges in general. In fact, more individuals chose to simplify the stage from 
primary activity to home rather than the stage from home to primary activity.  

5.2.3. Indicators at all levels 

Now we know the shift trend of the number of people among daily tour patterns and primary 
tour patterns, but we still do not know how people made adjustments on their organization of 
activities participation at each stage level, at primary tour level, at secondary tour level and at 
day level. In this section, the indicators will explain the extent of adjustment on mode , 
time , cross cordon times  and activity suppression , giving an insight into how the 
individuals adapt trip tour organizations in response to the congestion pricing. 

Trip Purpose 

There are several situations that the number of links would change with the same number of 
out-door activities taken. An assumption is made that people do not merge their activities 
locations into one trip’s destination. In this case, to take same number of activities, one more 
secondary tour/sub-tour will add one more trip link. Therefore, purpose of trips that 
excluding going home trips and sub-tour caused duplicate trips was summarized. The 

Category of Primary Tour  
        2013    
2012 2 3 4 5 6 7 8 9

        2013    
2012 2 3 4 5 6 7 8 9 No sub-tour

1 -7 -25 3 -3 0 -1 0 0 1 1 5 1 2 0 0 0 0 1.H-P-H
2 -1 3 5 0 -1 0 0 2 4 1 0 0 0 1 0 2.H-{S}-P-H
3 -1 0 -1 -3 0 0 3 -3 0 0 0 0 0 3.H-P-{S}-H
4 0 0 0 0 0 4 0 0 0 0 0 4.H-{S}-P-{S}-H
5 0 0 0 0 5 0 0 0 0
6 0 0 0 6 0 0 0 With one sub-tour
7 0 0 7 0 0 5.H-P-{S}-P-H
8 0 8 0 6.H-{S}-P-{S}-P-H
9 9 7.H-P-{S}-P-{S}-H

8.H-{S}-P-{S}-P-{S}-H

        2013    
2012 2 3 4 5 6 7 8 9

        2013    
2012 2 3 4 5 6 7 8 9 With two sub-tour

1 -3 -7 -2 0 0 0 0 0 1 -2 -11 -3 -3 0 1 0 -1 9.H- P-{S}-P-{S}-P-H
2 2 -1 0 0 0 0 0 2 2 -2 -2 -2 1 0 0     H-{S}- P-{S}-P-{S}-P-H
3 -1 -2 0 -1 0 0 3 -4 2 -1 -2 -2 0     H- P-{S}-P-{S}-P-{S}-H
4 0 0 0 0 0 4 1 1 -2 0 0     H-{S}- P-{S}-P-{S}-P -{S}-H
5 0 0 0 0 5 0 1 0 1
6 0 0 0 6 0 0 0
7 0 0 7 3 0
8 0 8 0
9 9

no car to no car no car to car

car to no car car to car
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number of these trimmed trip links represents the number of activities taken. The total 
number of activities reduced from 884 to 816 for car use group, indicating that people 
substituted activities by in-home activities or suppressed activities after the congestion 
pricing.   

 

Figure 9 Several Situations with the Same Number of Activities  

 

Figure 10 Number of Trip Links by Purpose, car to car group 

Figure 10 exhibits the number of trip links by purpose before and after the congestion pricing 
for car use group. Other purchase activities (rather than purchase of food), business in work 
and food purchase are those activities reduced most in the second year. Paired t-tests were 
used to compare before-and-after observations on the number of trip links with different 
purpose (See Table 6). Only the number of other purchase activity trip links per individual 
showed a significant reduction. 
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Table 6 Paired t-test of the number of different purpose trip links per individual 

Paired t-test of the number of different purpose trip links per individual,  
2012 and 2013 

  mean of the differences p-value 
Work  0.027 0.24 
Business at work 0.039 0.16 
Pick up/drop off children -0.0056 0.79 
Purchase food 0.0014 0.93 
Other purchase 0.078 0.0000096 

 

Table 7 shows statistics on  (the number of individuals) and  (the number of links). Figures 
in blue cells are figures of 2012 and figures in pink cells are figures of 2013. Figures in white 
cells calculated the changes of the previous two columns in percentage expect for the second 
white cells from left calculated the increase or reduction of the previous two columns directly.  
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Table 7 Statistics on the number of individuals and the number of links 

 

 
   

HtP directly 202 207 2.1% 86.0% 88.1% 2.1% 202 207 2.1% 1.00 1.00 - 0.860 0.881 0.0%
HtP indirectly 33 28 -2.1% 14.0% 11.9% -2.1% 70 64 -2.6% 2.12 2.29 7.8% 0.298 0.272 -8.6%
1st PtP 12 3 -3.8% 5.1% 1.3% -3.8% 25 6 -8.1% 2.08 2.00 -4.0% 0.106 0.026 -76.0%
2nd PtP 0 0 0.0% 0.0% 0.0% 0.0% 0 0 0.0% 0.00 0.00 0.0% 0.000 0.000 0.0%
PtH directly 163 183 8.5% 69.4% 77.9% 8.5% 163 183 8.5% 1.00 1.00 - 0.694 0.779 12.3%
PtH indirectly 72 52 -8.5% 30.6% 22.1% -8.5% 167 121 -19.6% 2.32 2.33 0.3% 0.711 0.515 -27.5%

235 235 0.0% 100% 100% 0.0% 627 581 -19.6% 2.67 2.47 -7.3% 2.668 2.472 -7.3%
Secondary 
Tour(s) 23 27 1.7% 9.8% 11.5% 1.7% 56 57 0.4% 2.43 2.11 -13.3% 0.238 0.243 1.8%

235 235 0.0% 100.00% 100.00% 0.0% 683 638 -19.1% 2.91 2.71 -6.6% 2.906 2.715 -6.6%

HtP directly 50 58 12.5% 78.1% 90.6% 12.5% 50 58 12.5% 1.00 1.00 - 0.781 0.906 16.0%
HtP indirectly 14 6 -12.5% 21.9% 9.4% -12.5% 30 13 -26.6% 2.14 2.17 1.1% 0.469 0.203 -56.7%
1st PtP 3 0 -4.7% 4.7% 0.0% -4.7% 6 0 -9.4% 2.00 - - 0.094 - -
2nd PtP 0 0 0.0% 0.0% 0.0% 0.0% 0 0 0.0% - - - - - -
PtH directly 40 47 10.9% 62.5% 73.4% 10.9% 40 47 10.9% 1.00 1.00 - 0.625 0.734 17.5%
PtH indirectly 24 17 -10.9% 37.5% 26.6% -10.9% 60 39 -32.8% 2.50 2.29 -8.2% 0.938 0.609 -35.0%

64 64 0.0% 100% 100% 0.0% 186 157 -45.3% 2.91 2.45 -15.6% 2.906 2.453 -15.6%
Secondary 
Tour(s) 6 3 -4.7% 9.4% 4.7% -4.7% 41 13 -43.8% 6.83 4.33 -36.6% 0.641 0.203 -68.3%

64 64 0.0% 100.00% 100.00% 0.0% 227 170 -89.1% 3.55 2.66 -25.1% 3.547 2.656 -25.1%

HtP directly 47 52 8.3% 78.3% 86.7% 8.3% 47 52 8.3% 1.00 1.00 - 0.783 0.867 10.6%
HtP indirectly 13 8 -8.3% 21.7% 13.3% -8.3% 29 19 -16.7% 2.23 2.38 6.5% 0.483 0.317 -34.5%
1st PtP 2 3 1.7% 3.3% 5.0% 1.7% 4 7 5.0% 2.00 2.33 16.7% 0.067 0.117 75.0%
2nd PtP 0 0 0.0% 0.0% 0.0% 0.0% 0 0 0.0% - - - - - -
PtH directly 46 34 -20.0% 76.7% 56.7% -20.0% 46 34 -20.0% 1.00 1.00 - 0.767 0.567 -26.1%
PtH indirectly 14 26 20.0% 23.3% 43.3% 20.0% 34 65 51.7% 2.43 2.50 2.9% 0.567 1.083 91.2%

60 60 0.0% 100% 100% 0.0% 160 177 28.3% 2.67 2.95 10.6% 2.667 2.950 10.6%
Secondary 
Tour(s) 6 24 30.0% 10.0% 40.0% 30.0% 14 54 66.7% 2.33 2.25 -3.6% 0.233 0.900 285.7%

60 60 0.0% 100.00% 100.00% 0.0% 174 231 95.0% 2.90 3.85 32.8% 2.900 3.850 32.8%

HtP directly 274 281 1.9% 75.9% 77.8% 1.9% 274 281 1.9% 1.00 1.00 - 0.759 0.778 2.6%
HtP indirectly 87 80 -1.9% 24.1% 22.2% -1.9% 200 181 -5.3% 2.30 2.26 -1.6% 0.554 0.501 -9.5%
1st PtP 32 23 -2.5% 8.9% 6.4% -2.5% 75 47 -7.8% 2.34 2.04 -12.8% 0.208 0.130 -37.3%
2nd PtP 2 2 0.0% 0.6% 0.6% 0.0% 4 5 0.3% 2.00 2.50 25.0% 0.011 0.014 25.0%
PtH directly 207 221 3.9% 57.3% 61.2% 3.9% 207 221 3.9% 1.00 1.00 - 0.573 0.612 6.8%
PtH indirectly 154 140 -3.9% 42.7% 38.8% -3.9% 401 374 -7.5% 2.60 2.67 2.6% 1.111 1.036 -6.7%

361 361 0.0% 100% 100% 0.0% 1161 1109 -14.4% 3.22 3.07 -4.5% 3.216 3.072 -4.5%
Secondary 
Tour(s) 81 63 -5.0% 22.4% 17.5% -5.0% 218 165 -14.7% 2.69 2.62 -2.7% 0.604 0.457 -24.3%

361 361 0.0% 100.00% 100.00% 0.0% 1379 1274 -29.1% 3.82 3.53 -7.6% 3.820 3.529 -7.6%

2012
2013
delta 

# # of people
%

Primary 
Tour

Sub-tour

Sum

% (I) sum(n) sum(n)/#(I) sum(n)/235

Sum
Day Sum

car to no-car # (I)

no car to no-car # (I)

Primary 
Tour

Sub-tour

Sum

% (I) sum(n) sum(n)/#(I)

Sum
Day Sum

no-car to car # (I)

sum(n)/64

Primary 
Tour

Sub-tour

Sum

% (I) sum(n) sum(n)/#(I)

Sum
Day Sum

car to car # (I)

sum(n)/60

Primary 
Tour

Sub-tour

Sum

% (I) sum(n) sum(n)/#(I) sum(n)/361

Sum
Day Sum

% of the total popluation group
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 reflects the changes of the number individuals on different stages and tours of the day. On 
one side, it seems that the distribution of people (I) who travel directly or indirectly from 
home to primary activity (HtP) and from primary activity to home (PtH), and have secondary 
tour(s) changed drastically for car to no-car group and no-car to car group. But considering 
that the populations of these two groups were quite small the results might be unreliable. On 
the other side, with larger sample size, a considerable shift of people from having to not 
having additional trips at return home stage (PtH) within primary tour and a smaller shift of 
people from having to not having additional trips before primary activity (HtP) within 
primary tour was observed in both no-car to no-car group and car to car group. However, 
unlike no-car to no-car group, less people chose to make secondary tours after the congestion 
pricing for car to car group. 

 

For car to no-car group and no-car to car group, a dramatic change was also found in the 
number of links per individual taken. But no further discussion is provided due to the 
limitation of their sample sizes. 

For no-car to no-car group and car to car group, first of all, the total number of links reduced 
after the congestion pricing. The reduced number of links for car to car group was just 
slightly larger than no-car to no-car group. For car to car group, less people chose to travel 
indirectly from home to primary activity and from primary activity to home on the one hand. 
On the other hand, for those who chose to travel indirectly, the number of links per 
individual that traveled indirectly from home to primary activity also decreased while the 
number of links per individual that traveled indirectly from primary activity to home 
increased slightly. Moreover, both the number of individuals taking secondary tour and the 
average number of links in secondary tours reduced.  

Therefore, as an overall conclusion, the adaptation of congestion pricing are likely to result in 
an average decreased participation in out-of-home activities on the way from home to 
primary activity and after returning home. It is hard to spell out whether it also resulted in 
decreased participation on the stage from primary activity to home. Some travelers might 
substitute activities contained from primary activity to home stage from other part of daily 
tours. One explanation is that the penalties for late arrival at primary activity (e.g. work) are 
greater than late arrival on the return home.  

Until now the study found people change their activity patterns by transfers in daily travel 
patterns, transfers in primary daily patterns, and also substitutions of activities within 
primary tours. Now how these factors along with other travel related factors contributing to 
avoiding of tolls for car-to-car group would be discussed. 

 

 

, the number of car mode trip links per individual 

, the percentage of a trip link traveled by car  
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From left to right, table 8 demonstrates the total number of car trip links, the average 
number of car trip links per individual at each stage, the average car trip link per trip link, the 
average number of car trip links for each car to car traveler. 

Table 8 Statistics of car mode indicator , car to car group 

 

The total number of trip links traveled by car reduced by 6.5% in the second year. However, 
according to previous analysis, it is not clear whether the reduced car trips owing to the 
reduced trips or mode change. In this part, this question will be answered by comparing 
other indicators. The percentage of a trip link traveled by car in average increased slightly 
(1.2%) for the whole daily pattern. Especially, those who chose to drive from home to primary 
activity indirectly (1.4%) and had secondary tour(s) (4.8%) increased the percentage. So in 
order to adapt the tolls, car travelers did not choose to use less car mode on their trips in 
average, but rather changed the organization of the activities travel patterns to reduce the 
number of car trips. 

:  

 is the monetary tolls level according to trips departure time. Table 9 reflects that  only 
showed a noticeable reduce at primary to home stage (19.0 SEK to 18.6 SEK) per individual 
for car travelers. It is consistent with expectation since it is more flexible to arrange activities 
after primary activity in terms of time. 

Table 9  Statistics of time of day indicator  car to car group 

 

Primary Tour HtP directly 243 249 2.5% 0.89 0.89 -0.1% 0.89 0.89 -0.1% 0.67 0.69 2.5%
HtP indirectly 170 156 -8.2% 1.95 1.95 -0.2% 0.85 0.86 1.4% 0.47 0.43 -8.2%

Sub-tour 1st PtP 60 40 -33.3% 1.88 1.74 -7.2% 0.80 0.85 6.4% 0.17 0.11 -33.3%
2nd PtP 4 2 -50.0% 2.00 1.00 1.00 0.40 -60.0% 0.01 0.01 -50.0%
PtH directly 183 195 6.6% 0.88 0.88 -0.2% 0.88 0.88 -0.2% 0.51 0.54 6.6%
PtH indirectly 347 326 -6.1% 2.25 2.33 3.3% 0.87 0.87 0.7% 0.96 0.90 -6.1%

Sum 1007 967 -4.0% 2.79 2.68 -4.0% 0.87 0.87 0.5% 2.79 2.68 -4.0%
Secondary Tour(s) Sum 184 146 -20.7% 2.27 2.32 2.0% 0.84 0.88 4.8% 0.51 0.40 -20.7%
Day Sum 1191 1113 -6.5% 3.30 3.08 -6.5% 0.86 0.87 1.2% 3.30 3.08 -6.5%

2012
2013
delta 

# # of people

1.12 0.87 0.88

1.44 0.87 0.88530 521 1.47

sum(y)/361sum(y) sum(y)/#(I) sum(y)/n

413 405 1.14

car to car

HtP directly 3408 3643 6.9% 12.4 13.0 4.2% 12.4 13.0 4.2% 9.4 10.1 2.5%
HtP indirectly 2674 2420 -9.5% 30.7 30.3 -1.6% 13.4 13.4 0.0% 7.4 6.7 -8.2%
1st PtP 669 401 -40.1% 20.9 17.4 -16.6% 8.9 8.5 -4.4% 1.9 1.1 -33.3%
2nd PtP 16 50 212.5% 8.0 25.0 212.5% 4.0 10.0 150.0% 0.0 0.1 -50.0%
PtH directly 2435 2600 6.8% 11.8 11.8 0.0% 11.8 11.8 0.0% 6.7 7.2 6.6%
PtH indirectly 4406 4110 -6.7% 28.6 29.4 2.6% 11.0 11.0 0.0% 12.2 11.4 -6.1%

13608 13207 -2.9% 37.7 36.6 -2.9% 11.7 11.9 1.6% 37.7 36.6 -4.0%
Secondary 
Tour(s) 1463 1319 -9.8% 18.1 20.9 15.9% 6.7 8.0 19.1% 4.1 3.7 -20.7%

15071 14526 -3.6% 41.7 40.2 -3.6% 10.9 11.4 4.3% 41.7 40.2 -6.5%
2012
2013
delta 

#

car to car sum(t) sum(t)/#(I) sum(t)/n sum(t)/361

16.8 16.8 12.8 13.1

Sub-tour

Primary 
Tour

6082 6063

6841 6710

Sum
Day Sum

19.0 18.6 11.3 11.3

Sum

# of people
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 ; 

 

Table 10 Statistics of time of day indicator , car to car group 

 

Total number of cross cordon link has decreased by 6.2%. In average, each car drivers had 
nearly two links travel by car of the day.  represents the possibility of a trip is cross 
cordon link in average, which decreased slightly in PtH stage and secondary tour(s) after the 
congestion charges. There were many ways leading to the link from cross cordon to not cross 
cordon even under same daily tour pattern with same number of activities. For instance, 
change activity location and change the sequence of activities. The only thing may be 
conjectured that is it might be more convenient to change the organization of activities after 
primary activity and in secondary tour(s). 

, 
 

Table 11 Statistics of time of day indicator , car to car group 

 

The numbers of car trip links that cross cordon at each stage were quite similar to the 
number of trip links cross cordon. However, the percentage of a trip that crosses cordon as 
well as be traveled by car decreased after the second year for trips contained in PtH stage and 
secondary tours. The extent of the decrease was greater than the decrease in the percentage 
of a trip that cross cordon and the percentage of a trip that is traveled by car.  

 

HtP directly 213 207 -2.8% 0.78 0.74 -5.2% 0.78 0.74 -5.2% 0.59 0.57 -2.8%
HtP indirectly 68 81 19.1% 0.78 1.01 29.5% 0.34 0.45 31.6% 0.19 0.22 19.1%
1st PtP 27 12 -55.6% 0.84 0.52 -38.2% 0.36 0.26 -29.1% 0.07 0.03 -55.6%
2nd PtP 2 2 0.0% 1.00 1.00 0.50 0.40 -20.0% 0.01 0.01 0.0%
PtH directly 161 166 3.1% 0.78 0.75 -3.4% 0.78 0.75 -3.4% 0.45 0.46 3.1%
PtH indirectly 158 139 -12.0% 1.03 0.99 -3.2% 0.39 0.37 -5.7% 0.44 0.39 -12.0%

629 607 -3.5% 1.74 1.68 -3.5% 0.54 0.55 1.0% 1.74 1.68 -3.5%
Secondary 
Tour(s) 49 29 -40.8% 0.60 0.46 -23.9% 0.22 0.18 -21.8% 0.14 0.08 -40.8%

678 636 -6.2% 1.88 1.76 -6.2% 0.49 0.50 1.5% 1.88 1.76 -6.2%
2012
2013
delta 

# # of people

sum(d)/#(I) sum(d)/nsum(d)car to car

305 0.88 0.84 0.52 0.51

sum(d)/361

281 288 0.78 0.80 0.59 0.62

319

Sum

Sum
Day Sum

Primary 
Tour

Sub-tour

HtP directly 193 186 -3.6% 0.70 0.66 -6.0% 0.70 0.66 -6.0% 0.53 0.52 -0.04
HtP indirectly 59 67 13.6% 0.68 0.84 23.5% 0.30 0.37 25.5% 0.16 0.19 0.14
1st PtP 21 12 -42.9% 0.66 0.52 -20.5% 0.28 0.26 -8.8% 0.06 0.03 -0.43
2nd PtP 2 2 0.0% 1.00 1.00 0.50 0.40 -20.0% 0.01 0.01 0.00
PtH directly 143 148 3.5% 0.69 0.67 -3.1% 0.69 0.67 -3.1% 0.40 0.41 0.03
PtH indirectly 144 123 -14.6% 0.94 0.88 -6.0% 0.36 0.33 -8.4% 0.40 0.34 -0.15

562 538 -4.3% 1.56 1.49 -4.3% 0.48 0.49 0.2% 1.56 1.49 -0.04
Secondary 
Tour(s) 47 27 -42.6% 0.58 0.43 -26.1% 0.22 0.16 -24.1% 0.13 0.07 -0.43

609 565 -7.2% 1.69 1.57 -7.2% 0.44 0.44 0.4% 1.69 1.57 -0.07
2012
2013
delta 

# # of people

sum(α) sum(α)/#(I) sum(α)/n

0.46

Sum

Sum
Day Sum

287 271 0.80 0.75 0.47

sum(α)/361
Primary 
Tour

252 253 0.70 0.70 0.53 0.55

Sub-tour

car to car
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In this part, the research question in theoretical and operational terms is demonstrated in 
table 12. 

Table 12 Research question in the disaggregate analysis 

Theoretical terms Operational terms 
How individual factors and 
contextual factors affect the total 
amount of tolls during the day and 
from primary activity to home stage 
for car accessible travelers across 
years? 

Estimate the relationship among 
social demographic variables, dummy 
year variables, interaction terms and 
the tolls charged by across cordon car 
trips.  
 

Hypothesis 
The effects of  SED factor on the tolls paid was different in the second year  
Data  
People who have car access for both years 

 

6.1.1. The linear panel model 

Regression is a collection of methods to estimate the relationships among variables. 
According to the research question, linear models were built to estimate the various factors 
on tolls paid at the whole day level and at primary activity to home stage.  

The data in this study is panel data from stratified sampling. Each individual had a sampling 
weight. Correspondingly, linear model for panel data should be estimated. The basic linear 
panel model can be written as:  

 

, where  is the individual index,  is the time index.  denotes the 
dependent variable,  denotes the explanatory variable (regressor) and  is the 
corresponding coefficient of .  is the unobserved error term.  is the intercept. 

Through pooling test, parameter homogeneity was applied to our data. The model was be 
simplified as  

 

To capture heterogeneity across individuals, we assumed the error term consisted of two 
components, an unobserved time-constant individual heterogeneity component  and an 
idiosyncratic component .  is independent from  and . The resulting model called 
unobserved effects model was 

 

Two methods were used in the model estimation under the assumption that individual 
heterogeneity  was random and uncorrelated with explanatory variables . 

Pooled OLS method with cluster-consistent standard errors 
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Pooled all the data across time and individual, used ordinary least squares (OLS) method to 
estimate the model considering sampling weights. However, the errors could be correlated 
due to the common error over individuals. Pooled OLS does not exploit it therefore it is 
inefficient. Moreover, the usual formula for OLS standard errors in pooled OLS regression 
underestimates standard errors.  A correction was taken by treating each individual as a 
cluster to estimate cluster-consistent standard errors [33]. 

Random effect GLS method 

Feasible generalized least squares (GLS) estimation methods concern for within-cluster 
correlation. Random effect GLS method is efficient. However, a practical problem is that it is 
not possible to consider sampling weights in random effect models under R.  

Therefore, both pooled OLS method considering sampling weights and random effect method 
without sampling weights were used in the model estimation procedure. 

6.1.2. Interaction terms in regression model 

In order to test the hypothesis that the introduction of congestion pricing had an effect on the 
relationship between individual factors, geographic factors and the tolls paid, interaction 
terms were introduced to the model. The interaction variable represents the year effect on 
tolls paid between 2012 and 2013. In this manner, the interaction between year factor and 
other factors can be measured. 

6.1.3. Model specification 
Table 13 List of Independent Variables 

Independent Variables 
Variable Name Parameter Description 
age age Age by years 
income Household 

income 
category  
according to 
registry data 

Household income per consumption unit 
income=1 for first 33% household income per 
consumption unit; (poor) 
income=2 for second 33% household income per 
consumption unit; (median) 
income=3 for third 33% household income per 
consumption unit (rich) 

Dummy 
Parameters 

  

male Gender 1 if male 
home_innercit
y 

Dummy 
Variable of 
inner city 
residential 
location 

Innercity Zone: 1 Centrum 2 Majorna-Linné  
Outercity Zone: 3 Lundby 4 Norra Hisingen 5 
Västra Hisingen 6 Askim-Frölunda-Högsbo 7 
Västra Göteborg 8 Angered 9 Örgryte-Härlanda 10 
Östra Göteborg 11 Ale 12 Alingsås 13 Härryda14 
Kungsbacka 15 Kungälv 16 Lerum 17 Mölndal 18 
Partille 19 Stenungsund 20 Öckerö 21 Annan 

home_cordon
_com 

Dummy 
Variable of if 
residential 
location and 

home_cordon_com =1 if residential location and 
commute place located in different sides of the 
cordon 
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commute place 
located in 
different sides 
of the cordon 

child0_6 Dummy 
variable of  have 
children  

child0_6 =1 if have children aged 0–6 years 

child7_12 Dummy 
variable of  have 
children 

child7_12 =1 if have children aged 7–12 years 

child13_17 Dummy 
variable of  have 
children 

child13_17=1 if have children aged 13–17 years 

year Dummy 
variable of 
second year 

Year=1 if it is second year (after congestion 
pricing) 

adults Dummy 
variable of 
adults 

Adults=1 if there are 2 or more than 2 adults in 
the household 

licence Driving licence dri_lic =1 if respondent has driving licence 
ptcard_ 
seasonal 

Seasonal card ptcard_sea =1 if respondent has season card 
 

ptcard_charge  Account 
charging card 

ptcard_cha =1 if respondent has account charging 
card 
 

ptcard_others Other public 
transport card 

ptcard_oth  =1 if respondent has other public 
transit card  

Dependent 
Variable 

  

w.pth Total tolls paid 
at PtH stage per 
individual  

The amount of tolls paid during travel from 
primary activity to home in primary tour per 
individual  

w.ind.yr Total tolls paid 
of the day per 
individual 

The amount of tolls paid during travels of the day 
per individual 

 

The variables used in the models were guided by the available data from the panel survey. 
Most of the variables used in the models are dummy variables which take a value of one if the 
condition is satisfied and zero otherwise. Summary statistics for all variables are shown in 
Table 14. Obviously, all the explanatory variables in this analysis are individual specific 
variables, which denote that the value changes in each individual. There are few variables 
such as flexible working time might explain the independent variable but not used in the 
models estimation due to too many missing values. Unfortunately, the models might lack 
information on the relationship of these missing variables and the amount of tolls. 
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Table 14 Summary statistics for all variables 

 

Multicollinearity 

It is common in the explanatory variables that some variables are naturally correlated with 
each other and causes co-linearity.  For this reason the data covariance matrix is calculated 
for all explanatory variables to check potential correlation. Table 15 shows all the correlations 
were smaller than 0.6. No variables from the lists were dropped in the analysis. 

Table 15 Covariance Matrix for Explanatory Variables 

 

The models specifications are exhibited below. Four models are demonstrated for each 
estimation method. Model 1-4 are models estimated by pooled OLS methods combined with 
cluster-consistent standard errors. Model 5-8 are models estimated by random effect 
methods. Model 1 and Model 2 (Model 5 and Model 6) are linear models to estimate 
individuals tolls paid of the day. Model 3 and Model 4 (Model 7 and Model 8) are linear 
models to estimate individuals tolls paid at primary activity to home stage. The model 
specifications are exhibited below. Model 1 and Model 3 (Model 5 and Model 7) are models 
without any interaction terms. Model 2 and Model 4 (Model 6 and Model 8) introduced a 
series of interaction terms additionally. 
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Model 1, Model 5 

  

Model 2, Model 6 

   

Model 3, Model 7 

  

Model 4, Model 8 

  

6.2. Results  
This section presents estimation results for the linear models dealing with the role of age, 
income, gender, children, household adults (social demography factors); driving licence, 
public transport card (contextual factors); residential location factors (geographic context)  
as well as the interaction terms on the tolls paid.  

The estimated coefficients of the variables are listed in table 16. Corresponding significant t-
test results are demonstrated with asterisks or dots. The figures in bracket are the standard 
deviations of the sampling distributions of the estimate of the coefficients. 
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Table 16 Estimation Results for Linear Models 

 

6.3. Discussion 
The estimation results indicated that there is no significant effect of year dummy variable on 
either the amount of tolls paid of the day or at primary activity to home stage. The pooled 
OLS model using weights is inefficient but could describe the travel habits of all the residents 
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in the study area. The random effect model without weights is efficient but has a risk of over-
evaluating residents that are expected to take cross cordon commute trips. 

Model 1 and Model 5: Estimation of the daily tolls paid without interaction terms 

Income, geographic factor and public transport card factor have significant correlations with 
the amount of tolls paid of the day in both pooled OLS model and random effect model. Rich 
people were more likely to pay more tax. Residents who lived in the inner city and residents 
who lived and work/study at different sides of the cordon tended to pay more tolls for their 
daily activities. Public transport card dummy variables show significant negative correlations 
with the amount of tolls for the day. The pooled OLS estimation results indicate having 
seasonal public transport card reduced the tolls paid by 8.76 SEK and having other public 
transport card reduced the tolls paid by 6.81SEK. The price of charge ticket is based on the 
times of using it; therefore it is not price competitive with car mode if there are many trips of 
the day. 

Apart from this, owing driving licence factor shows a positive correlation with the amount of 
daily tolls in the pooled OLS model while male dummy variable and having any child from 7 
to 12 years old variable show a positive correlation with the amount of daily tolls in the 
random effect model. It is consistent with the expectation. People with children are more 
drivable since it is more convenient for those travelers to use car to access their activities of 
the day including drop off and pick up children to/from school.  

Model 2 and Model 6: Estimation of the daily tolls paid with interaction terms 

The introduction of interaction terms to the model drastically changed the interpretation of 
all of the coefficients. The coefficients of variables in model 1 and model 5 could no longer be 
interpreted as the unique effect of the variables on the amount of tolls. Indeed, the effects of 
these independent variables were divided by two portions, the factors themselves and the 
interaction terms between these factors and year factor. 

Model 2 and Model 6 introduced 11 interaction terms of year and individual factors. Among 
these individual factors, the geographic factor and public transport factor still reveal a 
correlation with the daily tolls paid. Besides, male and driving licence factors show significant 
correlation with the daily tolls paid under pooled OLS model. Having any child from 7 to 12 
years old factor and income factor still show a positive correlation with the amount of daily 
tolls in the random effect model. 

More importantly, sociodemographic and contextual differences in the amount of tolls are 
equitable across years. Only the interaction terms  and    
in pooled OLS model have significant correlation (at 0.1 level) with the tolls paid of the day. 
The significant interaction terms reveal the effect of having these public transit cards on day 
tolls paid is different before and after the congestion pricing. For instance, the coefficient 
value  of variable is interpreted as the unique effect of  on 
tolls when it was the first year ( ). The unique effect of on tolls is not 
limited to the coefficient -0.03, but also depends on the coefficient value of  

 and the value of year variable . Thus, the introduction of 
congestion pricing made a greater negative effect of having a Pay-as-you-go transit card 
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(Kontoladdning, charge public transit card) and having a seasonal public transport card on 
the amount of charges paid.  

Additionally, the introduction of interaction terms do not improve R square, implying that 
concerning the interaction between year factor and the effect of individual factors did not 
improve the day tolls paid explanations overall.  

Model 3, Model 4, Model 7 and Model 8: Estimation of the tolls paid at PtH stage  

The models estimation results for tolls paid at primary activity to home stage were similar 
with the models estimation results for tolls paid of the day.  

Most individual and contextual factors are uniformly correlated with the tolls paid. The 
dummy variable of having any child from 0 to 6 years old however became unexpectedly 
negative significant in the pooled OLS model. It is probably because of the free or reduced 
price of public transport ticket when traveling with children under the age of seven. Those 
travelers might take advantages of public transport rather than using cars at PtH stage. 

The main difference related to the interaction terms. Except for the significant interaction 
terms  and   in daily tolls models,  also 
showed a negative significant correlation in the pooled OLS model for PtH stage. It indicates 
that the effect of driving licence holders on tolls paid at PtH stage became smaller in the 
second year. 

7 Conclusion 

This paper studied the adaptation of activity travel patterns on the Gothenburg congestion 
pricing scheme implemented in January 2013 using panel survey data. The analysis was 
performed under a conceptual and typology framework of activity travel patterns.  Indicators 
are implemented to capture the difference in trip chaining and trip tour characteristics before 
and after the congestion charges, i.e. in 2012 and 2013 respectively.  

The analysis consists of two parts: aggregate analysis and disaggregate analysis. Analysis of 
car use travelers and car accessible travelers has been emphasized in this study. The key 
findings suggest that people did change their activity travel patterns after the implementation 
of Gothenburg congestion charges. Apart from activity suppressions, people were inclined to 
make simpler travel patterns at day level and primary tour level, especially through the 
reorganization of tour stage from primary activity to home to avoid tolls. Moreover, equity is 
a particularly important consideration in evaluating congestion pricing systems. In this study, 
no socioeconomic factors and contextual differences except for having a Pay-as-you-go 
transit card were found would exacerbate equity effects in terms of tolls after the 
implementation of the congestion pricing system.  

In the first part, the analysis results mainly reveal the following findings: 

- After the cordon tolls were introduced, some activities might be suppressed. 
Purchase activities were most likely to be the removed from the activity 
agenda or to be integrated with other household member. 
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- No considerable changes on activity patterns at day level for people who did 
not use car both years. However, there is a transition from taking additional 
activities after primary activity to going home directly after primary activity in 
the primary tour. 

- A small portion of people only used car in one year. A transition trend was 
found that those people were more likely to transfer from making one primary 
tour to making secondary tours in day level when they used cars. 

- Car travelers of both years tended to make simpler daily activity tour pattern 
after the congestion pricing. Less people chose to contain activities in sub-tour 
or secondary tours and especially less people made both sub-tour and 
secondary tours of the day. A transition from taking additional activities after 
primary activity to going home directly after primary activity in the primary 
tour was found. 

- The adaptation of congestion pricing for car travelers of both years resulted in 
an average decreased participation in out-of-home activities on the way from 
home to primary activity and in secondary tour. Some car travelers might 
change activities from other part of tours to from primary activity to home 
stage.  

- Car travelers are likely not to use less car mode on their trips in average, but 
rather changed the organization of the activities travel patterns to reduce the 
number of car trips. 

- The majority of tolls were charged from primary tours. However, 
reorganization of primary activity to home tour stage managed to avoid tolls 
paid in a considerable extent. It seems that it was more flexible to reorganize 
primary activity to home tour stage and secondary tours, in terms of reducing 
cross cordon times, and avoiding rush hours trips. 

In the second part, some individual socioeconomic/demographic differences and geographic 
differences were found impact on the amount of tolls paid significantly. Moreover, the 
introduction of congestion pricing had an effect on the relationship between having charge 
public transport card and the tolls paid. In the second year, the effect of having charge public 
transport card (Pay-as-you-go transit card) and seasonal public transport card on fewer tolls 
paid became much greater. 

There are some limitations of this study. In order to draw a generalized conclusion, the 
samples should be representative and not biased of the whole population. The trimming data 
process with the restrictive home-based tour framework might introduce a biased sample in 
this study. In addition, the dataset lacks of real cross cordon time data. Toll fee level used 
here was an estimated value based on the start time and departure time of the trip. It might 
probably lead to inconsistent amount of tolls. To be more accurate, the exact cross cordon 
time should be used instead. A more informative and complete dataset describing travel 
activity behavior is expected to improve the outcome of this study.  

Trip chaining and trip tour pattern analysis requires a large enough sample size of data to 
support the trip tour framework. The sample size in this study limited the models can be built 
in the disaggregate analysis part. Future research efforts should focus on analyzing the 
relationship between trip tour and trip chaining adaptation patterns and different 
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socioeconomic factors using a larger sample size data. The modeling framework can be 
extended to estimate other travel pattern indicators rather than the amount of tolls contained 
in this paper. 
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