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Summary 

Waterborne Urban Mobility. Final project report 

by Gunnar Flötteröd (VTI) 

 

A person-centered multi-modal all-day dynamic transport model prototype of the Greater Stockholm 
region is developed, with the main objective of providing a system perspective of how waterborne 
urban mobility interacts with and contributes to urban transportation in its entirety. 

The model prototype is implemented using the MATSim simulation technology and integrates a 
sketch version of the national travel demand model Sampers, an extract from the national road 
database, and the complete public transport schedule of the Greater Stockholm study region. The 
model system represents all-day travel chains per synthetic traveler and hence allows studying how 
different population segments make (often combined) use of available transportation facilities. 

Even though only coarsely calibrated, the model system generates plausible modal shares and within-
day travel dynamics. A detailed study of a fictitious new boat line demonstrates the analysis 
possibilities provided by the model system. Both a base case (without the new line) and a policy case 
(with the new line) are simulated, using the same synthetic population. This allows identifying all 
synthetic travelers switching to the new boat line, as well as analyzing how the new line is integrated 
into their all-day travel patterns. 

The model prototype is set up without dedicated data collection, demonstrating that detailed 
simulation can reveal detailed structure without an excessive data collection burden. Clearly, the 
present model prototype is not yet ready for use in daily planning practice. It is, however, 
demonstrated that the development of a person-centric all-day dynamic transport model is not 
necessarily by orders of magnitude more complicated than setting up a traditional, much less detailed, 
continuum flow model. 
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1. Introduction 
This project is part of the KTH led research program Waterborne Urban Mobility, funded by the 
Swedish Transport Administration and Region Stockholm. It aims to develop adequate tools for the 
simulation of multi-modal (rail-road-sea) public transport systems, presently focusing on Stockholm. 

The city of Stockholm is located in the Stockholm archipelago; its public transport system comprises 
several boat lines. These boats operate as short-range connectors within the inner city (line 80, 82, 89, 
see Figure 1 to Figure 3 and also provide access to more remote parts of the archipelago, see Figure 4. 

A credible assessment of how urban waterborne transit can contribute to the functioning of the public 
transportation system in its entirety requires modeling and planning tools that can capture the 
interaction of waterborne transportation with all other travel modes, both public and private. Current 
model practice is to deploy a static network assignment package. This model takes as input the public 
transport network, line frequencies, and a travel demand that is represented by (a set of) origin-
destination matrices. It assigns the corresponding traveler flows onto the public transport network by 
assuming that travelers choose advantageous (in terms of distance, time, ticket price, ...) paths. The 
current model system abstracts travelers into continuum flows, does not capture within-day dynamics 
and hence can only represent existing line schedules in terms of line frequencies, and cannot represent 
capacity constraints of public transport vehicles. 

An alternative approach to representing a complex urban (public) transportation system are agent-
based transport simulations, which represent travelers as individual synthetic persons and follow them 
throughout entire simulated days. This goes beyond traditional transport planning models in that it 
naturally allows to capture multi-modal trip chaining and the within-day time structure of travel; it 
also allows to realistically capture the physical dimension of travel by keeping track of the number of 
synthetic persons using each public transport vehicle, hence being able to identify when a vehicle is 
fully boarded and cannot accept more travelers. 

 

Figure 1: Stockholm city boat line 80. From https://sl.se/  

https://sl.se/


8  VTI PM, diarienr: 2018/0356-7.1 

 

Figure 2: Stockholm city boat line 82. From https://sl.se/  

 

 

Figure 3: Stockholm city boat line 89. From https://sl.se/  

 

https://sl.se/
https://sl.se/
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Figure 4: Lines operated by Waxholmsbolaget. From https://waxholmsbolaget.se/  

The Swedish Transport Administration (Trafikverket) has independently of the present project 
commissioned the prototypical development of a multi-agent car transport simulation for the Greater 
Stockholm region. The resulting model system takes as input a road network extracted from the 
national road database (NVDB; https://www.trafikverket.se/tjanster/system-och-
verktyg/data/Nationell-vagdatabas/), a travel demand that resembles the output of the national 
Sampers model (trafikverket.se/tjanster/system-och-verktyg/Prognos--och-analysverktyg/Sampers/), 
adds a time dimension by accessing travel patterns from the Swedish National Travel Survey 
(https://www.trafa.se/kommunikationsvanor/RVU-Sverige/), and computes individual-level all-day 
travel patterns and vehicular network flows of subjectively minimal generalized cost (travel time, 
distance, city toll, …) for every synthetic traveler.  

The present project adds public transport, including waterborne transit, to this model system, allowing 
simulated travelers to choose between private and public transportation. The result is a fully dynamical 
transportation model of Stockholm, in which a synthetic population of inhabitants moves through a 
detailed physical representation of the city by means of private (car, walk, bike) transportation, transit 
(bus, tram, light rail, train, and waterborne), and combinations thereof. As a proof of concept, the 
model system has been deployed to study effects of introducing a new boat line to the city center. The 
detailed model representation allows to analyze the resulting changes in all-day travel patterns 
throughout the entire city and for all represented traveler segments. Given the model’s prototypical 
nature, the obtained results should be treated as indications of structural model capabilities more than 
as concrete predictions; more calibration and hands-on work would be needed to make the model an 
operational tool in planning practice. 

https://waxholmsbolaget.se/
https://www.trafikverket.se/tjanster/system-och-verktyg/data/Nationell-vagdatabas/
https://www.trafikverket.se/tjanster/system-och-verktyg/data/Nationell-vagdatabas/
http://www.trafikverket.se/tjanster/system-och-verktyg/Prognos--och-analysverktyg/Sampers/
https://www.trafa.se/kommunikationsvanor/RVU-Sverige/
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2. Multi-agent (public) transport simulation – MATSim 
Mainstream public transport modeling practice is to deploy continuum models that describe how 
streams of homogeneous traveler groups move through a transport network (e.g., Ceder, 2016; Gentile 
and Noekel, 2016). These models are limited in their ability to describe (i) time-of-day dynamics and 
the spatio-temporal propagation of congestion, (ii) traveler heterogeneity, in particular in terms of how 
socio-demographics (income, gender, ...) affect travel behavior and experience at the individual level, 
and (iii) the detailed interactions of a public transport schedule with the urban transportation system, in 
particular with respect to multi-modal trip chaining. 

Transport modeling is currently experiencing a paradigm shift from traditional continuum models to 
"agent-based" system representations that capture travel demand through a possibly highly detailed 
synthetic population of individual travelers and the transport system in terms of a detailed fleet of 
private and public transport vehicles, the latter moving according to the exact public transport schedule 
(e.g., Rieser, 2010). The expressive superiority of this approach stems from its natural ability to 
represent (i) arbitrary traveler heterogeneity (preferences, abilities, age, gender, ...), (ii) time-of-day 
dynamics (including the dynamics of on-road and in-vehicle congestion), and (iii) multi-modal trip 
chaining (by operating on all-day travel/activity plans that contain complete multi-modal trip 
sequences) (e.g., Horni et al., 2016; Nagel and Flötteröd, 2012). 

MATSim (Multi-agent transport simulation toolkit) provides the currently most comprehensive 
simulation infrastructure for simulating an agent-based model. It is open-source, freely available on 
the internet (https://www.matsim.org/; https://github.com/matsim-org), and highly flexible, allowing 
to either use pre-fabricated model components or to implement own elements. A comprehensive 
presentation can be found in Axhausen et al. (2016). A description of relevant concepts follows. 

Like any other transport model system for strategic planning, MATSim can be structured into a travel 
demand model and a network supply model. The travel demand model describes, at many possible 
levels of detail, how individuals choose to travel – what routes they choose, at which times they 
depart, which travel mode they select. This model requires some assumption about what the travelers 
anticipate experiencing in the network – in particular, what congestion and delay they expected from 
moving through the system. Vice versa, congestion is the result of many individuals having chosen to 
travel through the same capacity-constrained system element (for instance a road bottleneck or a bus 
with a limited number of seats), meaning that congestion is a consequence of the travelers’ choices. 
This leads to a circular dependency between travel demand and network supply, as shown in Figure 5. 
This model system is considered solved when it predicts a population-wide travel behavior that leads 
to network conditions that in turn give no simulated traveler an incentive to systematically change its 
travel behavior.  

While these concepts also apply to MATSim, the system deploys its own terminology, which is 
derived from the way the simulation technology is structured. The MATSim view on Figure 5 is 
shown in Figure 6. What is called initial demand here are those aspects of the traveler population and 
travel demand that do not change during the simulation. For instance, one may give every synthetic 
traveler a home location, a workplace, an income, and possibly access to a private car, and only allow 
that traveler to adjust routes, departure times, and travel modes in reaction to experienced congestion. 
Alternatively, one may take departure time and mode choice from some external data source, fix these 
in the simulation and allow the traveler only to choose its routes. In any case, solving the model 
system amounts to computing those travel behavioral degrees of freedom that are not a priori set in the 
initial demand. This is done via iterations, which can be thought of as a simulation of many 
consecutive working days during which all simulated travelers explore their travel behavioral options. 

 

https://www.matsim.org/
https://github.com/matsim-org
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Figure 5: Demand/supply interactions. 

Following as of now the MATSim terminology, this works as follows: All travelers make an arbitrary 
initial choice of how they wish to travel. All travelers then get to move through the network according 
to their initial travel plans. The simulation of physical movement is called the mobility simulation 
(mobsim in Figure 6). It provides a simulation of the physical reality of travel, of how vehicles queue 
on congested roads, and of how travelers enter and leave (and walk in-between) buses and trains while 
moving through the public transport system. 

After the simulated day has come to an end, the synthetic travelers get to assess their travel experience. 
They do so by computing a numerical score of the most recently executed travel plan (scoring in 
Figure 6). This score is an abstraction of how satisfied a synthetic traveler is with the travel 
experience; for the purposes of the present project, its specification is limited to negative terms 
(penalties) for spending time traveling, monetary expenses for e.g. tickets and fuel, and for arriving 
late at a destination. The faster, cheaper, and more punctual a travel plan is, the lower its penalty, the 
higher its score, and the more attractive it becomes for the traveler. 

 

Figure 6: MATSim loop. From Horni et al. (2016). 

The choice between good and bad travel plans is made in the subsequent replanning model (see again 
Figure 6). This model has two tasks: (i) given more than one available travel plan, to select which 
plans to use and which plans to possibly discard, and (ii) to construct new travel plans, from which the 
synthetic traveler may anticipate an improved travel experience based on what has been observed so 
far. Given that every traveler has replanned and selected or constructed a new travel plan, the next 
iteration begins, and all travelers again get to execute their travel plans in the mobility simulation. 

This process is repeated until all travelers are satisfied with their travel experience; numerically, this is 
measured by tracking the average score of all executed plans in the traveler population over simulation 
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iterations; if this quantity stabilizes, one may postulate that mutual consistency between travel demand 
and network supply has been achieved. This usually takes between a few hundred and up to thousands 
of simulated days, depending on the concrete scenario. Upon stabilization of the score curve, the 
iterations are stopped, and the resulting travel plans and network conditions are available for analyses 
(again, Figure 6). 
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3. Stockholm scenario 
For brevity, the remaining text uses the acronym WUM when referring to the Waterborne Urban 
Mobility project. 

The WUM Stockholm scenario builds on the existing road network model developed in the IHOP 
project series. Since WUM and IHOP take place simultaneously, some of the following developments 
are used in both projects. Unique to WUM is the inclusion of the complete public transport system of 
the Greater Stockholm region. 

3.1. Data 

3.1.1. Road network 
The road network has been taken over from the IHOP2 project (Canella et al., 2016). Data from the 
Swedish national road database NVDB is first transformed into a simulation network in the 
Transmodeler format (https://www.caliper.com/transmodeler/default.htm) and then translated into the 
MATSim simulation network format (https://www.matsim.org/files/dtd/network_v1.dtd). This 
network data is available at the beginning of the WUM project. Due to certain imprecisions, this 
network would need further refinements for deployment in planning practice. It is, however, 
considered sufficient for the prototypical purposes of the WUM project. Alternatively, MATSim 
provides facilities to automatically extract a simulation network from OpenStreetMap 
(https://www.openstreetmap.org/). Figure 7 shows the road network as used in the present project. 

   

Figure 7: Road network. 

3.1.2. Public transport system 
All Swedish public transport lines and schedules are available in Google’s GTFS format (General 
Transit Feed Specification, https://developers.google.com/transit/gtfs) from Trafiklab 
(https://data.samtrafiken.se/trafiklab/gtfs-sverige-2/). A snapshot representing the public transport 
system as of 2018-04-24 is used as a starting point. In a first processing step, this dataset is 
transformed into MATSim’s public transport simulation format, using the GTFS2MATSim facility 
(https://github.com/matsim-org/GTFS2MATSim). The resulting system representation is post-

https://www.caliper.com/transmodeler/default.htm
https://www.matsim.org/files/dtd/network_v1.dtd
https://www.openstreetmap.org/
https://developers.google.com/transit/gtfs
https://data.samtrafiken.se/trafiklab/gtfs-sverige-2/
https://github.com/matsim-org/GTFS2MATSim
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processed by Java programming against MATSim’s in-memory database: All transit stops located 
within the Greater Stockholm region are identified, and all public transport lines ever traversing one of 
these stops are maintained in the model system. This process leads to the inclusion of, e.g., train lines 
between Stockholm and Copenhagen, Oslo and Kiruna. This rather generous inclusion strategy comes 
at a very limited simulation overhead while ensuring that artifacts from cropping the public transport 
system cannot arise. Figure 8 (left) shows a detailed view on the public transport system of central 
Stockholm, with boat line 80 being highlighted in orange. Figure 8 (right) illustrates the extent of the 
entire included public transport network, with every blue dot representing a stop. 

  

Figure 8: Public transport network. 

The resulting public transport system differentiates the public transport sub-modes bus, ferry, rail, 
subway, tram. Tabell 1 indicates the assumptions made about the vehicles used in the respective sub-
modes. Even though MATSim allows to define individual vehicle types per line, this level of detail is 
found excessive given the overall prototypical nature of the Stockholm model system. 

Tabell 1: Vehicle types.  

Type Seats Standing Length Width 

Bus 40 35 12 2.5 

Ferry 200 120 35 8 

Rail 750 850 200 3.2 

Subway 400 800 140 2.8 

Tram 80 105 30 2.6 
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3.1.3. Travel demand 
A synthetic population of travelers generated in the earlier IHOP2 project is used (Canella et al., 
2016). This population is the result of a sketch-version of the national travel demand model Sampers; 
its travel patterns approximate an average weekday. 

The model assigns an age, employment status, income, and gender to every person in the population. 
Information on access to a car (i.e. owning a car and holding a driving license) is also available. Every 
synthetic person is given a home location that is matched onto a link in the road network. Workers are 
also assigned a workplace location. Every person may be given a secondary activity location of 
generic type “other”; this serves as a proxy for activities such as shopping or leisure. The model is 
tour-based in the sense that travel to/from an activity always starts/ends at the home location. The 
following travel patterns are possible: home-work-home, home-other-home, home-work-home-other-
home. This simple model is used because of its availability; more complicated travel demand models 
could as well have been deployed. Importantly, the model aims to represent travel of individual 
Stockholm residents within an average weekday, meaning that freight, weekend, tourist … travel is 
not well represented. 

The Sampers (sketch) model lacks, apart from an ordering of tour purposes, a time structure. However, 
MATSim requires departure times resp. activity durations in order to simulate all-day travel patterns. 
Time information is taken from the Swedish National Travel Survey (RVU, 
https://www.trafa.se/kommunikationsvanor/RVU-Sverige/). The survey data is filtered such that only 
respondents traveling according to the travel patterns contained in the synthetic population are 
retained. Departure time and activity duration histograms are then extracted separately for every 
possible activity pattern. The result is shown in Figure 9 and Figure 10. 

 

 

Figure 9: Activity start times. 

https://www.trafa.se/kommunikationsvanor/RVU-Sverige/
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Figure 10: Activity durations. 

Figure 9 shows realized start times for the work and other activity, depending on if work respectively 
other is the only activity within a day (startWork1 respectively startOther1) or if both are included in 
an activity plan (startWork2 and startOther2). One observes that the start time of the work activity is 
relatively independent of the presence or absence of a subsequent other activity, for instance due to 
fixed office hours. The start of the other activity, however, depends very much on the 
presence/absence of a previous work activity. If there is no work, the start of the other activity is 
spread out between the morning and the evening peak hour, while the presence of an earlier work 
episode pushes the other activity back into the later afternoon. Figure 10 shows the corresponding 
realized activity durations (durWork1 and durOther1 if only one activity is reported, durWork2 and 
durOther2 if both a work- and another-tour are reported). Again, the duration of the work activity is 
hardly affected by the presence of a subsequent other activity, whereas the other activity is on average 
shorter if there is a preceding work episode; this can be explained by the necessity to fit both activities 
into a daily 24-hour time budget. 

For every individual in the synthetic population, activity start times and durations are sampled 
according to the histograms matching its activity pattern. Lacking a better time choice model, these are 
then used as desired activity start times and durations in the simulation. The desired activity start times 
are not strictly enforced; the simulated individual merely receives a (rather large) schedule delay 
penalty (score reduction) when choosing a travel pattern (in particular, a departure time from the 
foregoing activity location) that leads to a deviation from the desired activity start time (corresponding 
to the arrival time at the activity location). The reason for such deviations may be an unsuitably chosen 
departure time, or the consequence of congestion encountered along the way. The remaining 
parameters of the scoring function are set according to the recently estimated Sampers4 parameter 
settings (Kristoffersson et al., 2018). The result is “initial plans” that are fed into the simulation, which 
then simulates departure time, mode and route choices according to the subsequently described logic. 
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3.2. Simulation setup 
The Stockholm scenario data is encoded in a set of XML files (Extensible Markup Language, 
www.w3.org/XML/, following the MATSim specifications available at 
https://www.matsim.org/files/dtd/) and a number of problem-specific Java implementations. The XML 
files represent the following: road network, public transport schedule, public transport vehicles, 
traveler population, overall scenario configuration. The problem specific Java implementations are (i) 
an implementation of the Sampers utility function, including the schedule delay model, and (ii) a 
computational module that supports the precise identification of the effects of even relatively small 
scenario differences (Flötteröd, 2019). Both components are inserted through MATSim’s dependency 
injection machinery, meaning that they are added as “plugins” to the system without changing the 
actual MATSim implementation. The technical details of these implementations are omitted; they are 
freely accessible on a public web repository (https://github.com/gunnarfloetteroed/java). 

It remains to specify the concrete simulation setup according to which the model system is evaluated. 
Given that this comprises many rather technical aspects of the MATSim framework, the presentation 
is limited to relevant high-level settings. 

 

Figure 11: Mode choice hierarchy. 

Travel modes are organized in a two-level hierarchical structure, as illustrated in Figure 11: Mode 
choice hierarchy. At the higher level, a traveler chooses to conduct a tour by one of the following 
modes: car, public transport, bike and walk. Given that the traveler decides to use public transport, a 
concrete multi-modal trip chain needs to be constructed, starting and ending with access respectively 
egress walk and containing a sequence of the following public transport sub-modes: bus, ferry, rail, 
subway, tram. Transit walk episodes are inserted into this sub-mode sequence wherever an arrival and 
the consecutive departure stop are not at the same location. This implies that walk appears two times 
in the model: either as walk per se, or as walk within a public transport sub-mode sequence. In 
addition, situations may arise where an individual decides to travel by public transport but then only 
walks because this is more advantageous than using any available public transport line. Clearly, these 

Travel mode 

Public transport Car Bike Walk 

Bus Ferry Rail Tram Subway Transit walk 

http://www.w3.org/XML/
https://www.matsim.org/files/dtd/
https://github.com/gunnarfloetteroed/java
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ambiguities could be resolved by suitable conventions; for the purposes of the present project, 
however, this is not considered of central relevance. 

A boat factor of 0.5 is used, meaning that travelers perceive the time loss of traveling by boat as half 
as inconvenient as by any other public transport sub-mode. This is meant to capture the fact that boat 
travel time can be used for other (e.g. recreational or work) activities. 

The physical representation of travel differs between car, walk and bike, and public transport. Car trips 
are simulated according to mainstream traffic flow theoretical laws of motion, leading to a realistic 
representation of congestion build-up and propagation (Flötteröd, 2016). Walk and bike are 
represented in a simpler way, by assuming a constant and mode-specific travel speed between start and 
end activity location and by propagating travelers without physical interactions (i.e., congestion 
effects) from trip origin to destination. This alone leads to a modeling imprecision because water 
surfaces do not constitute walking or biking obstacles. While it is possible to instead map walking and 
biking episodes onto the road network, this would lead in the present version of the model system to a 
software incompatibility with the subsequently described physical model of public transportation. 

Movement in the public transportation system is described as follows. All public transport vehicles 
move according to schedule-given inter-stop travel times through the system. Passengers can enter a 
vehicle only if that vehicle is not full; a passenger that cannot enter waits at the stop for the next 
vehicle on the same line. The entrance/exit of a passenger takes a certain amount of time, during which 
the vehicle waits at the stop. Strong passenger loads can hence lead to delays due to long 
boarding/alighting episodes. When walking within a public transport trip chain from one stop to the 
next, the previously described constant-velocity walking model is used.  

Experimentation with the current system leads to the conclusion that given its current level of 
calibration the vehicle capacity constraints and boarding/alighting delays created greater imprecisions 
than realism; the reported experimental results hence rely on a configuration with zero 
boarding/alighting delay (meaning that public transport vehicles strictly follow their schedules) and 
with vehicle space capacities that are set to so large values that the rejection of a traveler due to a full 
vehicle does not occur in the simulation. Further calibration, at least of highly congested lines of 
interest, is certainly advisable. Figure 12: Public transport simulation details illustrates the very 
detailed interactions between public transport vehicles (on the left) and individual travelers (right). 
Without repeating the detailed explanation of this figure (which is available from 
https://matsim.atlassian.net/wiki/spaces/MATPUB/pages/83099693/Transit+Tutorial), its noted that 
this public transport representation allows to reconstruct, for every single public transport vehicle, the 
detailed all-day travel experience of its users. 

3.3. Baseline simulation results 
The following results indicate to what extent the simulation system can create a plausible status quo 
estimate. Recalling that the present model system is a prototype that has been built based on in parts 
rather simple data sources, indications of structural correctness are deemed more relevant than the 
reproduction of detailed summary statistics. 

The simulation is configured for approximation of a deterministic user equilibrium, meaning that the 
iterative simulation process aims to attain state in which no traveler has an incentive to systematically 
modify its travel behavioral plan. This is realized as follows. In every assignment iteration, every 
synthetic traveler plays through several hypothetical travel variations, comprising change of route, 
departure time, and mode. The traveler evaluates these variations based on the travel times 
experienced in the previous iteration. The assignment logic then allows some of the travelers to switch 
to their new travel plans, and it keeps others from doing so. The decision criterion for allowing a 
switch aims to (i) allow travelers to improve their situation as much as possible, while at the same time 

https://matsim.atlassian.net/wiki/spaces/MATPUB/pages/83099693/Transit+Tutorial
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(ii) keeping the network-wide congestion patterns from changing too rapidly (such that the previous 
travel times, on which re-planning is based), get invalidated. The assignment process dynamics can be 
observed in Figure 13 which displays different population average utility statistics over assignment 
iterations. Without discussing the different lines in greater detail, one observes that utilities improve 
and eventually stabilize. 

 

 

Figure 12: Public transport simulation details. 

3.3.1. Modal shares 
Figure 14: Mode  displays the evolution of different modal shares over iterations. Table 2 shows the 
modal shares obtained after 200 assignment iterations (i.e. 100 iterations more than what is displayed 
in Figure 14: Mode ). Figure 14: Mode  should merely be read as an illustration of modal share 
dynamics over assignment iterations; it is generated by a MATSim default plotting facility that is not 
fully consistent with the WUM setup (in particular, “pt” in the figure refers to a summary of all transit 
related walking episodes). 

When contrasting these results with the official statistics shown in Figure 15: Official modal shares. 
From http://miljobarometern.stockholm.se/content/docs/tema/trafik/resvanor/RVU-stockholms-lan-
2015.pdf, one observes that the overall distribution between private car, public transportation, and 
walk/bike is at least in orders of magnitude correctly reproduced; further calibration efforts would 
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probably be more misleading than useful given that they would compensate for other development 
needs in the current model prototype. 

 

Figure 13: Score evolution over simulation iterations. 

 

Figure 14: Mode share evolution over simulation iterations. 



 

VTI PM, diarienr: 2018/0356-7.1  21 

Table 2: Simulated modal shares. 

Mode Share 

Bike 9,5% 

Bus 16,8% 

Car 40,5% 

Ferry 0,02% 

Transit walk 8,2% 

Rail 2,4% 

Subway 7,4% 

Tram 0,87% 

Walk 14,3% 

 

 

Figure 15: Official modal shares. From 
http://miljobarometern.stockholm.se/content/docs/tema/trafik/resvanor/RVU-stockholms-lan-2015.pdf 

3.3.2. Spatiotemporal activity distribution 
Figure 16: Activity participation over time-of-day displays the simulated within-day temporal 
dynamics of activity participation. It is the result of three ingredients: (i) tour purpose choices as 
simulated by the upstream Sampers sketch model, (ii) desired arrival times and activity durations as 
extracted from RVU, and (iii) transport system congestion that directly affects arrival times for given 
departure times and indirectly leads to accordingly adjusted departure times. One observes unimodal 
work and intermediate-home activity participation distributions, but a bi-modal distribution for other. 
This is a consequence of the presence of two different activity patterns comprising other: home-other-
home, and home-work-home-other-home. The second other-peak is mainly composed of individuals 

http://miljobarometern.stockholm.se/content/docs/tema/trafik/resvanor/RVU-stockholms-lan-2015.pdf
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continuing from an intermediate-home location, whereas the first other-peak is composed of travelers 
with lower time pressure (no work activity), which can take advantage of traveling during times of low 
congestion between the morning and evening peak hour. 

 

Figure 16: Activity participation over time-of-day. 

The spatial dimension of activity participation is visualized in Figure 17: Spatiotemporal activity 
distribution. The dot colors encode activities as follows: blue ≙ home, yellow ≙ work, green ≙ 
intermediate-home, pink ≙ other. The left column shows activity locations for all synthetic persons, 
the right column only for individuals that make at least one trip by boat during their simulated day. 
The rows refer, from top to bottom, to the situation at 3am, 9am, 3pm, 9pm. For the entire population, 
one observes a (visually fairly uniform) spread of housing locations into the outer parts of the city, and 
a concentration of workplaces and locations for other activities in its center. Ferry users, on the other 
hand, live closer to the water, and, given that the city is centered around the water body connecting 
lake Mälaren in the West and the Stockholm archipelago in the east, also closer to the city center. 
Even more pronounced is the distribution of their workplaces around the city center. 
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Figure 17: Spatiotemporal activity distribution. 

3.3.3. Within-day dynamics of multi-modal travel 
The presentation now turns to the mode-specific within-day dynamics of travel. All presented statistics 
refer (for technical reasons) to a 25% sample of the full traveler population. Every figure contains 
three curves: red indicating departures per time unit, blue indicating arrivals, and green indicating en-
route travelers. 
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Figure 18: Car and boat travel 

  

  

Figure 19: Remaining public transport usage. 

Figure 18: Car and boat travel compares the usage of the two in this context arguably most interesting 
modes, car (on the left) and ferry (right). Comparing shapes first, one observes that the car morning 
and evening peak is of roughly the same magnitude, which is related to the symmetry of work 
commute by car: traveling to work by car requires to also return home by car. Ferry usage is more 
centered around the afternoon, indicating a larger share of other than work commuters during this 
time. The scales of the subfigures differ by orders of magnitude, which coincides with ferry traffic 
being on a city-wide scale almost negligible compared to car usage. 

Figure 19: Remaining public transport usage shows corresponding curves for the remaining public 
transport modes bus, rail, subway and tram. All clearly reflect the morning and evening peak hour. 
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The rail curve (rail comprises the commuter trains, pendeltåg) stands out in that it contains multiple 
peaks during the evening rush hour. These can be explained by the presence of large trains departing 
only at a limited number of times within the day. 

  

Figure 20:Bike usage and walking. 

Finally, the usage patterns for bike and walk are displayed in Figure 20:Bike usage and walking. The 
curves are overall smoother, which is a consequence of traveling by these modes not being affected by 
peak hour congestion or public transport schedules; travelers get to choose their departure times more 
freely according to individual preferences. 
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4. Scenario analysis 
This study is meant to illustrate the potential of the described model system for the detailed analysis of 
waterborne public transport. Given the prototypical nature of the model system, the results should, 
however, not be taken as more than illustrations – more thorough model development and calibration 
would be necessary to come to conclusions that could be used to support practical planning practice.  

The scenario studied here has been implemented in the course of a Bachelor thesis (Andersson, 2019); 
the presented simulation results have been obtained after the completion of that thesis, based on a 
refined version of the model and simulation system. 

4.1. Case study: a new boat line 
The considered scenario consists in the establishment of a new boat line connecting ten existing 
respectively new boat stations in the western part of Stockholm’s central water body, as illustrated in 
Figure 21: New boat line. The considerations leading to this layout were presented by Andersson 
(2019); the present document focuses on analyzing the effects of this new line. 

 

Figure 21: New boat line. 

Table 3: From Slussen and Table 4: To Slussen display the departure time tables of the new line. All 
connectivity is provided between 7am and 9am, which may render the line interesting for work 
commuters having to otherwise bypass the waterbody traversed by the new line. 

4.2. Users of the new line 
Figure 22:Activities of new boat users displays, in the by now familiar color coding (blue ≙ home, 
yellow ≙ work, green ≙ intermediate-home, pink ≙ other),  the activity locations of all users of the 
new line, differentiated by time of day (from top left to bottom right: 3am, 9am, 3pm, 9pm). Two 
relevant observations can be made: (i) Despite the home locations being fairly spread out, the locations 
for work and other activities are quite centered around the boat stops served by the new line. (ii) There 
are relatively few other activities. Possible explanations read as follows: (i) The new boat line is most 
useful for work locations near its boat stops because these work locations are relatively closely located 
to the water, and hence relatively difficult to access by other, non-waterborne modes. (ii) The boat 
factor of 0.5 means that travelers using the new line accept an all else equal longer travel time than 
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other travelers not using a boat. This, however, needs to be compatible with the physical reality of all-
day activity and travel scheduling, meaning that such travelers must also be able to afford a longer 
travel time. This is more the case for travelers with just one out-of-home activity (primarily work) 
instead of two. One hence observes relatively few secondary travel episodes of type other. 

Table 3: From Slussen. 

Slussen 07:08 07:38 08:21 

Kungsholmstorg 07:13  07:43  08:26 

Lilla Essingen 07:18 07:48  08:31 

Stora Essingen 07:22  07:52 08:35 

Alvik 07:25 07:55  08:38 

Hornsbergs Strand 07:29  07:59  08:42 

Huvudsta 07:31  08:01  08:44 

Ulvsunda 07:34  08:04 08:47 

Solna Strand  07:38  08:08  08:51 

Norra Ulvsunda 07:40 08:10 08:53 

Table 4: To Slussen. 

Norra Ulvsunda 07:14 07:44 08:14 

Solna Strand 07:16 07:46 08:16 

Ulvsunda  07:20 07:50 08:20 

Huvudsta 07:23  07:53 08:23 

Hornsbergs Strand 07:25 07:55 08:25 

Alvik 07:29 07:59 08:29 

Stora Essingen 07:32 08:02 08:32 

Lilla Essingen 07:36  08:06  08:36 

Kungsholmstorg 07:41  08:11 08:41 

Slussen 07:46  08:16 08:46 

4.3. Quantitative effects of the new boat line 
The presentation now turns to a more quantitative analysis of the effect of the new boat line; more 
thoroughly calibrated counterparts of the numbers presented here could be used to inform a cost-
benefit analysis in which the cost of establishing the new line could be balanced against the benefit it 
provides to the traveler population. Given the overall relatively low number of boat users, the analysis 
focuses on travelers using the boat and does not consider secondary effects this has on other travelers 
(for instance by making road space available). 
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3pm 9pm 

Figure 22:Activities of new boat users. 

Table 5: Total kilometers traveled. 

Mode Base case [km] Policy case [km] Relative change 

Bike 86 79 -9% 

Bus 289 407 +41% 

Car 583 148 -75% 

Ferry 6 256 +3829% 

Rail 68 55 -20% 

Subway 442 486 +10% 

Tram 73 56 -23% 

Walk 107 27 -75% 

Total motorized 1461 1408 -4% 

Total non-motorized 193 106 -45% 

Total 1654 1514 -8% 

 

As explained before, the quality of an all-day travel experience is measured in terms of a numerical 
score. The mean score of all travelers using the new boat line prior to its introduction is -42.3, and it 
improves by 55% up to -19.0 once the new line is introduced. Given that the scoring function 
exclusively represents the perceived discomfort of travel and late arrival, one can hence observe that 
the users of the new line are very positively affected; their subjective travel discomfort has been 
reduced by about half. A better calibrated version of the model system would even allow to monetize 
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this improvement; doing this in the present version is hindered by the usage of ad hoc selected 
schedule delay costs. 

More concrete and physically meaningful numbers are obtained by comparing the mode-specific 
change of kilometers-traveled. The corresponding values are displayed in Table 5: Total kilometers 
traveled, again summed only over individuals switching to the new boat line. 

First to discuss is an enormous increase of kilometers traveled by boat; the magnitude of these 
numbers is a consequence of only considering travelers switching to the new (in the base not even 
existing boat) line. More insightful is it to investigate how introducing the new line affects the use of 
other modes. 

Most pronounced is the relative effect on car and walk kilometers, both of which are reduced by 75%. 
In total terms, the reduction of car usage by 335 km dominates. This may be deemed beneficial; a 
certain number of commuters abstain from using the car thanks to the introduction of the new boat 
line. The reduction by 80 walking kilometers may in parts be explained by new boat users that 
previously had no useful motorized travel alternative at all. (However, the fact that the model in its 
present form treats water as walkable space limits the meaningfulness of this result). Also, these 
numbers do not account for walking from/to/between stations as part of a public transport trip (chain). 
The increase of bus and subway travel indicates that the adaptation of the new boat line leads to trip 
chains connecting boat and bus respectively subway. Overall travel distances are reduced by 8%, 
which is sensible given that an additional boat line means an improvement of available transportation 
infrastructure. 

4.4. Story telling 
As a final illustration of the level of detail that can be achieved with the Stockholm model system, the 
all-day travel experience of a single synthetic traveler is described. To render this presentation not 
completely arbitrary, the traveler was selected as the first individual in a list of users of the new boat 
line that had a full working day and commuted by car prior to the introduction of the line. 

The considered traveler (individual “111269”) is a 43-year-old male with an annual income of 
210’000 SEK and flexible working hours. He lives on Ingarö Island in the Stockholm archipelago, 
quite far east of the city center and works on Kungsholmen immediately west of the city center. Prior 
to the introduction of the new line, he used to leave home at 5:15 in the morning and travel for almost 
one hour by car to work; he circumnavigates the archipelago along a northern route and arrives at 
work around 6:15, where he stays for almost nine hours. His return trip (again by car) starts shortly 
after three o’clock and lasts only 40 minutes, his route back home leads south of the archipelago. See 
Figure 23: Anecdotal change in travel behavior, left. 

After the introduction of the new boat line, the traveler abandons his car in favor of a public transport 
commute. As before, he departs around quarter past five, but now he walks for five minutes to the bus 
stop Björnsjön. He travels for about one hour to Slussen station, where he continues to the Slussen 
boat stop. After five minutes on the boat, he arrives at the boat stop Kungsholmstorg brygga, from 
where he walks to his workplace. The work activity is now shifted back in time and lasts from shortly 
after seven to quarter past four. One may assume that the traveler finds this acceptable given that there 
is no secondary activity later in the day. The new line is not available during the afternoon, and the 
traveler returns home by bus from Kungsholmstorg bus stop to Slussen station, and then continues by 
bus, now alighting at Nykvarn bus stop. The traveler arrives back home at half past five. See Figure 
23: Anecdotal change in travel behavior, right; note that public transport travel is represented by 
straight lines between stops. 
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Figure 23: Anecdotal change in travel behavior. 
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