
CHAPTER 56

Zürich

Nadine Rieser-Schüssler, Patrick M. Bösch, Andreas Horni and
Michael Balmer

The MATSim team frequently uses the Zürich scenario, based on the Switzerland scenario de-
scribed above. The Zürich scenario, however, is more detailed; it was enhanced by data available
only for the smaller region; e.g., tra�c light data or freight demand data was only included for
Zürich city and the canton. It is under continuous development, calibration and validation and has
been applied in numerous projects, serving as a real-world research example.

Horni et al. (2011b) provide a technical overview of the �rst scenario branch; Balmer et al.
(2009a) describe its generation for the “Westumfahrung” project.

The study area was delineated by a circle, with a 30 kilometer radius around Bellevue, a central
and prominent Zürich location. This delineation led to two versions, the Zürich diluted scenario
and the Zürich cut scenario. For the �rst, all agents crossing the study area during the simulated
day were considered (Figure 56.1), resulting in almost two million agents. For the second, only
agents remaining in this area the whole day were modeled. The Zürich cut scenario was employed
as an experiment in Hackney (2009), but using the Zürich diluted scenario for production runs is
preferable.

Demand was taken directly from the Swiss model; freight tra�c was added to the Zürich sce-
nario, as follows. Canton Zürich raw freight tra�c data was taken from the KVMZH (Kantonales
Verkehrsmodell Zürich), provided by Amt für Verkehr, Volkswirtscha�sdirektion Kanton Zürich
(2011) and documented by Gottardi and Bürgler (1999). Zonal level matrices were disaggregated
to single MATSim plans (Shah, 2010). Matrices for small delivery and heavy trucks were combined
into one activity called freight. An additional 180 000 agents were generated for the Zürich region.

For the diluted Zürich scenario, all Swiss facilities, as described above, were used as activity
locations and the networks were not thinned out. For public transport simulation, network and
transport schedules were derived from the KVMZH. Walk and bike modes were “teleported”.

Calibration was mainly done for modal split and distance distributions and utility function values
set accordingly.
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Figure 56.1: The diluted Zürich scenario

For validation, count data on city level, cantonal level and national level (ASTRA, 2006) were
available from various sources, resulting in 123 links measured for the Zürich inner city, delineated
by a 12 kilometer radius around Bellevue. The reduced count analysis radius was applied to reduce
boundary e�ects resulting from demand reduction outside the 30 kilometer radius study area. An
average working day (Monday to Thursday, excluding public holidays) was used for comparison
in current scenarios.

Some tra�c signal data was available for Zürich city (Stadt Zürich, Dienstabteilung Verkehr,
2008); this was integrated for the Westumfahrung project.

56.1 Studies Based on the Zürich Scenario

Besides its widespread use for the development of new MATSim functionality—e.g., the contribu-
tions for destination innovation (Chapter 27), joint decisions (Chapter 28), parking (Chapter 13),
or electric vehicles (Chapter 14)—the Zurich scenario has also been used in policy studies. The
most prominent one was the study Westumfahrung (Balmer et al., 2009a), where MATSim was
used to estimate the e�ects of opening a new motorway section and di�erent accompanying mea-
sures. In addition to classic evaluations such as link volumes and spider analyzes, the project
focused on estimating who the winners and losers of the Westumfahrung were and where they
lived. Other policy studies looked at the potential for Park & Ride, organized as well as informal
ride sharing, the e�ects of a substantially improved public transport o�er, and the in�uence of road
capacity changes on transport behavior.

A more recent example for a study based on the Zürich scenario is described by Heyndrickx et al.
(2016); Boesch et al. (2014); Heyndrickx et al. (2014); Pilli-Sihvola et al. (forthcoming); Boesch and
Ciari (2014); Boesch (2014). It was conducted as a part of the EU project ToPDAd (Tool supported
Policy Development for regional Adaptation). ToPDAd tried to �nd the best strategies for decision
makers to adapt to the expected short and long term e�ects of climate change. The international
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project focused on the three potentially climate sensitive and important economic sectors Energy,
Transport and Tourism.

For each sector di�erent case studies were investigated to develop the tools required to �nd suit-
able adaptation strategies. In the transport sector the IVT together with the TML (Transport &
Mobility Leuven), Belgium, conducted a study on the potential in�uence of extreme weather events,
which are predicted to increase in frequency and intensity for Western Europe due to climate
change, on the transport system.

The Zürich scenario was used to identify the transport system reactions on di�erent, weather-
induced disturbances. The number of trips, activities, and their durations were compared for
di�erent scenarios. The applied scenarios represented variations both on the supply side and on
the demand side. On the supply side, next to the baseline scenario eight di�erent scenarios were
simulated. A medium and a high disturbance scenario, where the capacity and the free-�ow speed
on the entire network were reduced due to unfavorable weather conditions and a medium and
high disruption scenario where certain, exposed street and public transport links were (tempo-
rary) blocked. These disturbances and disruptions occurred only in the peak hour or for the full
day, resulting in the eight scenarios on the supply side. On the demand side the agents were allowed
�ve di�erent degrees of �exibility to react to this situation: 1. Worst case (no reaction allowed);
2. Rerouting; 3. Rerouting and modal change; 4. Rerouting, modal change and rescheduling; and
�nally 5. Rerouting, modal change, rescheduling and relocation.

It was found that rerouting and mode choice together have the highest impact in terms of reaction
to the disturbances. If the public transport system is disrupted, the expected shi� to car and slow
modes is observed. The opposite, expected shi� to increased pt-usage is also correctly observed if
the transport system is disturbed by unfavorable weather conditions (e.g., rain or snow).

The results of these scenarios were used by TML to calculate the direct and indirect economic
costs of extreme weather events through an impaired transport system. Extreme events with a
return value of �ve to ten years are estimated to cause costs of up to 19 million EUR per event for
the region of Zürich, while the more extreme events with a return value of only 50 to 100 years
would cause costs of up to 100 million EUR per event. Compared to estimations for historic events
these are relatively low values (costs of billions per event). One of the reasons for this di�erence
is assumed to be in the inability of MATSim agents to drop activities. So, while in reality people
would for example likely drop work activities in the case of severe �oods and thus cause additional
economic costs, MATSim agents will always try to �nd a way to get to their work location and to
work { no matter how bad the circumstances. Current e�orts at IVT try to overcome this limitation
while still producing realistic simulation outcomes.





CHAPTER 57

Singapore

Alexander Erath and Artem Chakirov

The MATSim Singapore scenario (Erath et al., 2012) was implemented and is maintained at the
FCL (Future Cities Laboratory), a research program of the SEC (Singapore-ETH Center for Global
Environmental Sustainability) and part of Singapore’s National Research Foundation CREATE
(Campus for Excellence and Technological Enterprise). The scenario covered the whole Singapore
area, with a population of approximately �ve million and included tra�c to and from neighboring
Malaysia. Singapore provides an excellent study case for an agent- and activity-based modeling
approach: a fairly densely populated city, with an extensive public transport infrastructure and
advanced transportation and pricing policies.

57.1 Demand

In the absence of a full-population census for Singapore, a synthetic population was generated
based on data from the HITS (Household Interview Travel Survey) 2008 (Choi and Toh, 2010)
and population breakdowns of Singapore’s population census 2010. The synthetic population was
derived using the �tting and sampling method (Müller and Axhausen, 2011), where a reference
sample of household and person records was weighted, using an IPF technique, until the weighted
sample matched marginal census control totals. In our case, the reference sample was from travel
survey records; �tting technique was the entropy optimization method proposed by Bar-Gera et al.
(2009) and implemented by Kirill Müller, IVT, ETH Zürich. Then, the reference sample records
were replicated through weighted sampling until the population total was met.

Car ownership was modeled on a household level and driving licenses were assigned to individ-
uals, using discrete choice methods. Given the high car tax in Singapore, the model re�ected lower
car ownership level than in other developed nations. The model presented by van Eggermond et al.
(2012) included not only socio-economic, but also spatial variables and proved to be essential to
the MATSim Singapore model, leading to accurate mode choice and mode share predictions.
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Activity locations were de�ned on an individual building level, with information on building
and facility types compiled from various sources: i.e., the land-use master plan (URA, 2008),
government websites and online directories, as well as points of interest information provided by
NAVTEQ. In the absence of a business census, an innovative approach for location identi�cation
and corresponding number of work places was developed, drawn from the full smart card data
record of public transport journeys and enriched with information on land-use and estimates of
building �oor space. In a �rst step, a probabilistic model was applied to a daily public transport
journey record to identify types of activities performed between two subsequent public transport
trips. Estimated and calibrated using HITS 2008 records, the model combined variables such as
time of day, activity duration and land-use around each stop or station to ensure an accurate di�er-
entiation between home, work, or other activities. A�er accounting for mode shares in 53 di�erent
zones, an optimization technique employing accessibility computation was applied to distribute
work activities to individual buildings. More details on the newly developed methodology and its
practical application were reported by Chakirov and Erath (2012) and Ordóñez Medina and Erath
(2013a).

Assignment of households to buildings was performed using detailed information on residential
developments; for public housing, which represented about 80 % of Singapore’s residential build-
ing stock, information on distribution of di�erent dwelling types was employed, while for privately
owned condominiums, only information on number of apartments per building was available.
Work locations were assigned using a zone-based gravity model using prior estimated number
of work activities in each building as additional information for distribution of workplaces within
each zone. Activity chains were assigned based on their observed frequency in HITS, taking into
account key socio-demographic parameters like sex, age, occupation and income. Activity chains
of type home – work – home were by far the most frequent, accounting for approximately 50 % of
the trips. Freight and cross border tra�c, as well as tourist travel demand, were derived based on
a set of origin destination matrices provided by the LTA (Singapore Land Transport Authority).
These matrices were converted into special daily plans. Information on the temporal distribution
of freight trips was derived from loop detector data for freight and temporal attraction pro�les of
major tourist sites.

57.2 Supply

Using a semi-automatic map-matching algorithm (see Chapter 9), a high-resolution navigation
network provided by NAVTEQ was map-matched to, and enhanced with, LTA’s planning network
lane and capacity information. Without access to tra�c signal cycle time data, tra�c lights were
not speci�cally modeled. Extensive attention was paid to public transport modeling; interaction
between private and public transport with Singapore’s high density and limited space was very im-
portant. Simulating dynamic e�ects, such as bus bunching, was crucial for obtaining realistic travel
times and mode shares. Public transport network and schedule data provided by LTA included bus
and train routes, as well as stop and station location. This information was matched to the road net-
work, using yet another map-matching algorithm presented by Ordóñez Medina and Erath (2011);
Ordóñez Medina (2011b). Recently, the scenario was updated using public transport schedule data
derived from public transport smart card data records (Fourie, 2014). Such schedule information
provided actual vehicle dispatch frequencies and headways, which are continuously adjusted and,
in some cases, can substantially deviate from published schedules. Additional features of public
transport simulation in Singapore’s model included advanced bus dwell time model (Sun et al.,
2014b), as well as an approximation of the distance-based public transport fare scheme.

Other modes, speci�cally walking and cycling, were “teleported” with constant travel speeds
without any interaction with other users.
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57.3 Behavioral Parameters

Behavioral parameters speci�c to Singapore’s context were borrowed from Land Transport Author-
ity (2009) and used with the widely applied Charypar-Nagel function for activity scoring (Charypar
and Nagel, 2005). Thus, the same parameters were used for all agents, ignoring user preferences,
heterogeneity, and time values in the initial scenario implementation. Furthermore, no additional
crowding penalties (impacting travelers’ discomfort) were considered at this stage; public trans-
port overcrowding e�ects were taken into account only with physical vehicle capacity limitations,
as well as their implications for dwell time and the bus bunching phenomenon.

57.4 Policy

The MATSim model for Singapore also included ERP (Electronic Road Pricing) scheme, fea-
turing time and vehicle-dependent road pricing. Based on two data sets, with location and
time-dependent price levels, prevailing tolls were speci�ed for 73 network links where toll gantries
had been installed, as of February, 2012. To account for the numerous dedicated bus lanes, addi-
tional links attributed to exclusive bus use were added to the network. The existing links’ capacity
was reduced accordingly, even if, in some cases, dedicated exclusive bus lanes by buses existed only
during peak hours. Such a simpli�ed setup, insensitive to the time-dynamic operation of dedicated
lanes, led to actual road capacity underestimation during periods when bus lanes were also open
to other motorized tra�c. However, as most links featuring bus lanes consisted of three or more
lanes, the e�ect on modeled tra�c conditions during o�-peak hours appeared to be low.

57.5 Calibration and Validation

Road usage data is available for around 200 count stations at hourly intervals. Public transport
smart card data availability provides an additional validation dimension. For the future, the
opening of new MRT lines—since setting up the model in 2012—presents a unique opportu-
nity for comparing observed ridership with predicted ridership in the model. However, systematic
calibration and detailed validation have not yet been conducted.





CHAPTER 58

Munich

Benjamin Kickhöfer

The MATSim scenario for the Munich metropolitan area was set up during 2010.1 The main goal
was, and is, simulation of local air pollutant and global greenhouse gas emissions and how their
levels change with di�erent policy measures—on aggregated and spatially disaggregated levels.
Thus the scenario was used for development and testing of the EMT (Emission Modeling Tool, see
Chapter 36). For an example illustrating where overallNO2 private car and freight vehicle emissions
are produced over one day, see Figure 58.1.

Network information from VISUM was converted into MATSim format, resulting in a network
of 17 888 nodes and 41 942 links. This transport supply was then linked to travel demand from dif-
ferent sources; an inner-urban tra�c activity-based demand from survey data was created, based
on MiD (Mobilität in Deutschland (MiD 2002, Follmer et al., 2004)). This synthetic population
segment consisted of roughly 1.4 million individuals, with detailed vehicle information for every
household. Commuters and reverse commuters were modeled with data provided by the German
Federal Employment O�ce (Böhme and Eigenhüller, 2006). This part of the population consisted
of approximately 0.5 million individuals, with 0.3 million commuting to Munich for work. The
rest lived in Munich and commuted to their workplace outside the city. Freight tra�c was also
introduced into the model using data from the German Ministry for Transport (BVU Berater-
gruppe Verkehr + Umwelt GmbH und Intraplan Consult GmbH, 2007). This consisted of roughly
0.15 million freight vehicles, performing one commercial trip per day.

The scenario was used for several case studies: Hülsmann et al. (2011) used a single street cor-
ridor to validate simulated travel times and emission levels against actual data obtained from a
test vehicle. Kickhöfer et al. (2013) investigated the relationship between the price elasticities of
car travel demand and air pollutant emissions. Hülsmann et al. (2013) identi�ed city areas with

1 Detailed descriptions of the scenario can be found in Kickhöfer et al. (2013) and Kickhöfer (2014).
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Figure 58.1: NO2 emissions in Munich

high air pollution concentration. They de�ned these areas as “hotspots”, exceeding the EU lim-
its for NO2 (Nitrogen Dioxide). The authors raised toll levels incrementally for vehicles passing
these hotspots, until high pollution concentrations disappeared, to estimate true threshold value
EU avoidance costs. Kickhöfer and Nagel (2013) derived time-dependent, vehicle-speci�c, �rst-
best air pollution tolls to create a benchmark for real-world policy evaluation. Kickhöfer and Kern
(2015) went one step further and calculated time-dependent, vehicle-speci�c air pollution exposure
tolls.



CHAPTER 59

Sioux Falls

Artem Chakirov

The Sioux Falls scenario provided a convenient test-case, combining fully dynamic demand �tted
with realistic socio-economic and demographic attributes with a small-scale road network includ-
ing an integrated public transportation system. Based on the Sioux Falls road network commonly
used for tests and demonstration purposes in transportation literature (Bar-Gera, 2013), it allowed
quick and convenient experiments on new policy or so�ware implementations with MATSim on
a heterogeneous agent population, with a high degree of spatial resolution, but without signi�cant
computational requirements. However, it is important to stress that, despite the use of real world
data for the generation of the enriched Sioux Falls scenario, it did not aim to replicate the real City
of Sioux Falls in South Dakota, US and remains a �ctitious test case. Detailed report on scenario
generation and its characteristics is provided by Chakirov and Fourie (2014) and can also be found
at http://www.matsim.org/scenario/sioux-falls.

59.1 Demand

A realistic, socio-economically and demographically diverse demand population—with heteroge-
neous use preferences—was crucial for unlocking the full potential of an agent-based simulation
like MATSim. However, generation of a disaggregated demand description on individual and
household levels close to reality was challenging; not only for trip origins and destinations, but
also with respect to travel pattern relation and socio-demographic travelers’ characteristics.

To address this challenge for the Sioux Falls scenario, and represent the household structure,
demographic pro�le and income distribution as realistically as possible, a synthetic household pop-
ulation, using the Bar-Gera et al. (2009) entropy optimization technique, was generated. It matched
the aggregate distribution of demographic attributes (age, sex and household income) recorded
during the 2010 US Census. It contained census tracts inside, and adjoining, the city center of
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Sioux Falls and was composed of household and person records taken from the (anonymous)
5-year American Community Survey sample (2007-2011), covering 5 % of all households.

To keep the scenario accessible, as well as facilitating interpretation and understanding of pos-
sible e�ects on policies studied, only two simple activity chains were initially included: “home –
work – home” and “home – other – home”. Activity locations were identi�ed using building stock
data set provided by the City of Sioux Falls GIS division. Each household’s home location was
assigned randomly to a residential unit within the household’s tract. Because no information on
the real number and distribution of work places within the relevant area was easily accessible, the
static O-D matrix from LeBlanc et al. (1975) was taken as a workplace attraction indicator for each
zone. Then, assignment of work places to individual workers, as well as locations of secondary
(other) activities, was performed using a parameter-free radiation model presented by Simini et al.
(2012).

To exploit the full potential of disaggregated demand and add another degree of realism to
the scenario, car ownership on the household level was modeled using an ordered probit model,
presented by Giuliano and Dargay (2006) and based on the NPTS (US Nationwide Personal Trans-
portation Survey) 1995. In addition to socio-demographic household characteristics (number of
adults, children, pensioners, household income), the model used residential location attributes
(population density, public transport access and dwelling type), which better described speci�c
Sioux Falls scenario characteristics, as well as its area-wide bus network.

59.2 Supply

A realistic transportation test network should ensure su�cient complexity of travelers’ choice
dimensions while limiting computational e�ort. To this end, the Sioux Falls test network was in-
troduced by Morlok et al. (1973) and later adapted as a benchmark and test scenario in many
publications (see Chakirov and Fourie (2014) for overview). The network structure captured the
major arterial roads of Sioux Falls, South Dakota, but was never intended to replicate the real city, or
all characteristics of its transportation system, such as travel times or modal split. The original net-
work was comprised of 76 arcs, 24 nodes and 552 O-D pairs. For this scenario, road capacities were
adjusted according to values provided by the Highway Capacity Manual Transportation Research
Board (2010) and other related research publications (e.g., Ng and Small, 2012). The public trans-
portation network added to the scenario included �ve bus lines, as initially proposed by Abdulaal
and LeBlanc (1979), with bus stops placed at regular intervals of 600 meters.

Due to the design of MATSim queue simulation, agents were handled only at the beginning and
end of each network link and could not enter or leave a link along its length. Therefore, origins
and destinations located along very long links led to spatial detail loss, as all origins and destina-
tions along the length of the link were e�ectively assigned the same coordinates. Consequently,
to improve spatial detail level, all links of the Sioux Falls network were evenly split into smaller
links, with maximum length of 500 meters each. Following this operation, number of nodes was
increased to 282 and number of links to 334, without changing e�ective network topology.

In addition to car and bus modes, walking as “teleported” mode, with constant travel speeds,
and with no interaction with other users, is used as the non-motorized transportation mode.

59.3 Behavioral Parameters

Behavioral parameters used in utility functions were based on estimated demand model for Sydney
by Tirachini et al. (2014). Before applying parameters in an activity-based context, time-related
parameters had to be adjusted to account for utility gained from activity performance. Thus, to
provide a value for marginal utility of performing an activity, the travel mode with smallest the
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disutility was set as a baseline, under the assumption that traveling with this mode was equivalent
to idling/doing nothing. Corresponding parameters were split into opportunity costs of time and
a mode-speci�c disutility of traveling, as has been done in previous MATSim-related publications
(e.g., Kickhöfer et al., 2011).

59.4 Results, Drawbacks and Outlook

Sioux Falls scenario stability and performance was tested using two sets of activity timing
constraints, as well as �ve di�erent random seeds, which all delivered stable and realistic
results. Chakirov and Fourie (2014) also investigated MFD (Macroscopic Fundamental Diagram)
existence and hysteresis characteristics, as discussed in Geroliminis and Daganzo (2007, 2008);
Geroliminis and Sun (2011).

However, recent experience has shown certain coarse network drawbacks; it represented only
major arterial roads and neglected minor neighborhood and collector road links. With an elaborate
synthetic population and high rush hour demand peaks, the network seemed to be sensitive to
network breakdowns under high loading conditions.

Along with the coarse road network, the coarse public transport network level and the resulting
low level of accessibility (for parts of the population) represented another drawback, particularly
relevant to simulation and evaluation of policies sensitive to, or requiring, a certain share of public
transport users.

Replacing the original Sioux Falls network with a �ner network obtained from the crowd-
sourced OSM and adding additional public transport lines would address the above-mentioned
scenario weakness. However, this introduces a di�erent set of drawbacks and would require fur-
ther attention. First, the signi�cantly larger number of network links and nodes increases time and
resources for routing and dynamic queue simulation and could erase the advantages of a small-scale
network. Extended simulation times can be tackled with the new pseudo-simulation methodol-
ogy, currently developed by Fourie et al. (2013). Second, total network capacity increase leads to
reduction or even disappearance of congestion during peak hours, although including freight and
through tra�c in the scenario can make it more realistic and address congested conditions during
peak-hours.





CHAPTER 60

Aliaga

Pelin Onelcin, Mehmet Metin Mutlu and Yalcin Alver

Aliaga, in Turkey, is situated about 50 kilometers north of Izmir; it is one of the 30 Izmir province
districts in the Aegean region of Turkey and is crucial to the national economy.

Aliaga is home to Petkim, one of the largest petrochemical enterprises of Turkey. In 2011, Petkim
was ranked as the 12th largest company in Turkey’s 500 top industrial list (Istanbul Chamber of
Industry, 2012, accessed 03.07.12); the enterprise includes 14 plants and seven auxiliary units.

According to the Turkish Statistical Institute, the 2011 population of Aliaga was 68 432; 56 440
lived in central neighborhoods and 11 992 in surrounding villages (Turkish Statistical Institute,
2011).

Many chemical factories are located near residential areas. The evacuation zone was determined
using a scenario developed for a chemical accident in one of the Petkim factories. Chemical sub-
stance elements and NFPA (National Fire Protection Association) (704) ratings, ranging from 1
to 4 for �ammability, health and reactivity, were compared. The most dangerous substance was
acrylonitrile (ACN), rated 3, 4 and 2 for �ammability, health and reactivity, respectively.

Risk zone radii were found using Aloha so�ware developed by the O�ce of Emergency Man-
agement and Emergency Response Division. The so�ware divided the risk area into three zones,
based on the chemical substance type, wind speed and wind direction. The wind data, obtained
from Aliaga wind measurement station, showed that maximum wind speed was 17 meters per sec-
ond (WolframAlpha, 2012, accessed 02.08.12) and the prevailing wind direction was WNW. Wind
blowing from the west would be the most dangerous for Aliaga, carrying the smoke over residential
areas and increasing the number of persons to be evacuated.

The evacuation zone was divided into 19 TAZs (Tra�c Analysis Zones). Trips generated from
these zones were directed to six destinations TAZs, three of which are health care centers and three
gathering places. The Petkim area iwa divided into six zones; the �rst in the impact area. The
evacuation planning zone is shown in Figure 60.1.
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Figure 60.1: Evacuation planning zone.

Number of evacuees was calculated considering both permanent residents and employees, who
were classi�ed as transients. The scenario was prepared assuming the following conditions:

• The explosion occured in the evening when there were no students in schools and people were
awake.

• All employees in the �rst risk zone, and some in the second, were taken to the Aliaga state
hospital in zone 30, as well as to other health care centers in zones 26 and 27. The �rst risk
zone was the most vulnerable; thus, persons needing medical intervention in this area would
be taken to hospital. The typical behavior pattern in Turkey is to �ock to hospitals in emergency
situations. When generating scenarios, this behavior was considered; in the �rst and second risk
zones, health care centers were designated as destination zones.

• People in residential zones would self-evacuate. Since Aliaga is a small town, public transporta-
tion service is weak and in the evening, public transportation frequency is low. Therefore, public
transportation was not considered in this study.

• Employees in Petkim and in Tupras worked in three shi�s; factories were active 24 hours a day
and employees were always present.

There were 3 883 employees in the area studied; number of employees to be evacuated from
factories was computed using the following assumptions:

• The total employee �gure was divided into three, as they worked in three shi�s.
• The explosion did not occur during shi� change.

Evacuations from residential buildings were calculated using these steps:

• Number of persons living in an evacuation zone neighborhood was divided into the number
of neighborhood buildings, giving the mean number of persons living in one building.
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• Number of buildings that remained in the evacuation zone was multiplied by the mean number
of persons in one building.

To estimate the number of evacuation vehicles needed, car occupancy ratio rate was used. This
rate was 1.57 in normal situations—as given in the Urban Transportation Plan of the Istan-
bul Metropolitan Area by the Istanbul Metropolitan Municipality Directorate of Transportation
Planning—however, in emergency situations, it was expected to be higher. In this study, car
occupancy ratio rate was taken as two, number of evacuees was computed as 14 472 and number
of vehicles 7 236.

The Aliaga network was taken from OSM and converted to a shape �le and MATSim network
�le with the tutorial’s PNetworkGenerator class. Zones used in generating synthetic population for
MATSim were created in QGIS.

Three di�erent scenarios were identi�ed for the evacuation simulation. In Figure 60.2, O-D
matrices for each scenario can be seen. These three scenarios were selected based on destina-
tion zone location and tra�c demand criteria; free spaces close to the risk zone were designated
as gathering areas. The time required for evacuees to reach health care centers was very impor-
tant in emergency situations like this. The tra�c demand generated for health care centers was
distributed between zones 26, 27 and 30 in the scenarios, though the �rst risk zone was always
directed to Aliaga State Hospital, which had the most capacity of all health care centers; severely
injured persons would be transferred to this state hospital. Evacuating vehicles departing from the
second risk zone were directed to health care centers in zones 26 and 27. Changing the number of
evacuating vehicles in any given zones resulted in di�erent evacuation times; thus, these di�erent
scenarios enabled observation of tra�c demand e�ect on tra�c and whether this led to evacuation
time reduction.

Initial demand refered to synthetic population derived from numbers and locations of evacuees
to be transferred to health care centers or gathering-areas, sorted by distance. A starting place for

Figure 60.2: MATSim simulation snapshot.
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initial demand generation was found in the tutorial’s DemandGenerator class. Zones were modi�ed
according to both actual population density in given zones and road links where evacuees could
start their trips at the time of a possible chemical accident to generate a relatively realistic sce-
nario. Population zones were set for a group of origin zones, which were assigned for a prede�ned
destination. For each agent, random activity coordinates were generated: home, work and leisure,
or in this case, evacuation zones, hospitals and gathering areas. Agents’ departures and arrivals
took place on the nodes closest to activity coordinates and, in the �rst iteration, shortest path was
calculated for route choice.

MATSim assigned trip start to the node closest to agent activity coordinates (i.e., home or work)
for each agent. MATSim simulation results were analyzed by Senozon AG Via. Figure 60.3 shows
a simulation snapshot.

Clearance time for three risk zones and total arrival time for three di�erent scenarios were
listed in Table 60.1. For the �rst scenario, evacuation times were 45 minutes for the �rst risk zone,
83 minutes for the second, and 86 minutes for the third. For the second scenario, evacuation times
were 44 minutes for the �rst risk zone, 82 minutes for the second, and 91 minutes for the third.
Finally, for the third scenario, evacuation times were 47 minutes for the �rst risk zone, 86 minutes
for the second, and 88 minutes for the third. The third scenario yielded the best results, with min-
imum clearance time for the entire risk area. Scenario results con�rmed that clearance times were
insu�cient for people to evacuate safely, especially from the �rst risk zone.

Figure 60.3: OD matrices for evacuation scenarios.

Risk zone 1 Risk zone 2 Risk zone 3

Scenario 1 45 83 86
Scenario 2 44 82 91
Scenario 3 47 86 88

Table 60.1: Risk zones evacuation times in minutes.



CHAPTER 61

Baoding: A Case Study for Testing a New Household
Utility Function in MATSim

Chengxiang Zhuge and Chunfu Shao

61.1 Introduction

Baoding is a medium-sized city in Hebei Province, China. The Baoding case study—testing a new
household utility function—proposed two scenarios to compare the performance of two utility
functions: the household and individual utility functions. In Scenario 1, it was assumed that each
household sought to maximize their overall household utilities when they scheduled; thus, family
members’ communication and coordination was communal in each household. In Scenario 2, the
individual utility function—the default utility function in MATSim—was utilized to score plans;
here, each agent tried only to maximize his own utilities without communicating with other family
members.

Overall, Scenario 1 di�ered from Scenario 2 only in the utility function; other input data and
parameters in these two scenarios were kept the same. The scenarios simulated only urban res-
idents’ travel behavior. In 2007, the study area population was 1 060 783, in 299 850 households,
encompassing 355 465 privately owned cars.

61.2 Population and Demand Generation

Population The scenarios’ agent population was created using a new population synthesis, which
starts with initial household weights obtained from the 2007 Baoding Household Travel Sur-
vey. The �nal household weights, used for creating the population, were calculated by iteratively
adjusting initial household weights in a directed way. Gender and household car ownership were
also used as person- and household-level control variables, respectively. In the scenarios, only 20 %
of Baoding’s total population, approximately 212 000, was synthesized and used, to speed up the
simulation.

How to cite this book chapter:

Zhuge, C and Shao, C. 2016. Baoding: A Case Study for Testing a New Household Utility Function in MATSim.

In: Horni, A, Nagel, K and Axhausen, K W. (eds.) The Multi-Agent Transport Simulation MATSim,

Pp. 393–396. London: Ubiquity Press. DOI: http://dx.doi.org/10.5334/baw.61. License: CC-BY 4.0



394 The Multi-Agent Transport Simulation MATSim

Travel Demand Generation For initial demand generation, a GA (Genetic Algorithm), adopt-
ing utility maximization theory, was implemented. For Scenario 1, this GA used the new proposed
household utility function as the �tness function; this was employed to generate initial individual
daily plans for each household in the synthetic population. Speci�cally, in the GA, each chromo-
some represented a household’s set of daily plans and each gene represented a family member’s
daily plan. During evolution (including mutation, crossover and selection), each chromosome was
scored; only those with higher household utilities remained. Then, a set of daily plans with the
highest household utility function were selected and allocated to the household. Similarly, other
daily household plans in the synthetic population were generated, one by one. It should also be
noted that the travel time in the initial daily plans was estimated. Therefore, elements like travel
time and activity duration in the initial daily plans would be adapted (optimized) when executed
in MATSim.

In Scenario 2, the GA incorporated the individual utility function to search for each agent’s
(family member’s) plans.

61.3 Activity Locations, Network and Transport Modes

Activity Locations Five typical activity types, including work, home, leisure, education and
shopping, were taken into account in the scenarios. The activity facilities numbers for these �ve
types were: 1 647, 462, 246, 372 and 445, respectively.

TransportNetwork The scenarios contained two network types, including road and public tran-
sit networks. Figure 61.1 demonstrated Baoding’s 2007 road and transit network. The road network
was composed of 1 650 nodes and 539 links; the transit network contained transit routes and transit
schedules, with 49 transit lines and (98 transit routes).

Transport Modes The simulated transport modes included car, public transport, bike and walk.
Car drivers and public transport passengers used the road network and transit network. Because
agents who traveled by bike or on foot had no access to the transport network, they were teleported
from origin to destination and assigned no exact routes, but their travel time was calculated.

61.4 Historical Validation

Historic validation. composed of the following two steps, was carried out to assess MATSim’s
performance and applied to both scenarios.

Step 1: Comparison of both real and simulated car �ows and comparison of real and simulated
transit passenger �ows were carried out in each scenario, to assess MATSim’s performance for car
and transit simulation. The MRE (Mean Relative Error), calculated by the equation (61.1), was
employed to assess performance.

MRE =
‖Fsimulated − Freal‖

Freal
× 100% (61.1)

where, Fsimulated and Freal denotes the simulated and the real �ow (car �ow or passenger �ow),
respectively.

Step 2: Comparison of both scenarios’ performance for car and transit simulation, based on
results from step 1.

61.4.1 Comparison of Two Scenarios: Car Tra�c

Car �ow data on six road links (equal to 12 links in MATSim scenario) from 7 am to 9 am, was
used for comparison of car simulation and was manually counted in 2007.
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Figure 61.1: Road and transit network of Baoding in 2007.

Figure 61.2(a) demonstrated car simulation performance for both scenarios. Four dots were
approximately located in the y = x line and the other two dots, below the line, also were very close
to it. Mean relative error margins of Scenario 1 and Scenario 2 were 44.8 % and 47.5 %, respectively.
It can thus be concluded that the performance of Scenario 1 (using household utility function) was
slightly better than Scenario 2 (using individual utility function).

61.4.2 Comparison of Two Scenarios: Transit Tra�c

Data (passenger �ow for nine transit lines from 7 am to 9 am) used for transit simulation compari-
son was also manually counted in 2007. Figure 61.2(b) illustrated both transit simulation scenarios’
performance. Clearly, most dots did locate close to the y = x line, however, two dots below the
line were signi�cantly distant from it. Also, mean relative errors of Scenario 1 and Scenario 2
were 38.7 % and 47.9 %, suggesting that Scenario 1 better represented transit passenger �ows than
Scenario 2.

61.5 Achieved Results

A proposed MATSim household utility function was tested comparing two scenarios using house-
hold and individual utility function. Historical validation con�rmed that MATSim improved its
own car and transit simulation performance by using the new utility function. However, more case
studies are needed to further con�rm this new proposed utility function’s advantages.

More information on the Baoding scenario can be found in Zhuge (2014) (in Chinese).
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(a) Car.

(b) Public transit.

Figure 61.2: Performance comparison of Scenario 1 and 2.



CHAPTER 62

Barcelona

Miguel Picornell and Maxime Lenormand

The Barcelona scenario is one of the three case studies (together with London and Zürich)
carried out under the framework of the EUNOIA (Evolutive User-centric Networks fOr Intraur-
ban Accessibility) project. The main goal of the Barcelona case study was to evaluate the impact of
di�erent public bike-sharing schemes in the city. The study area covers the metropolitan Barcelona
area, with special focus on the city center, where public bike-sharing stations are located. For this
study a novel bike-sharing module was developed by ETH Zürich.

62.1 Transport Supply: Network and Public Transport

The road network was extracted from the TransCAD (Transportation Computer Assisted Design)
model used by the city of Barcelona. Public transport supply was also considered, comprising: bus,
underground, tram, train and bike-sharing. Information about stops and schedules was obtained
from the public information available at the Barcelona Open Data platform, as well as from the
Barcelona transport authority website.

62.2 Transport Demand: Population

Agent plans were de�ned using anonymised mobile phone registers CDRs (Call Detail Records).
From mobile phone data, it is possible to identify places where agents perform activities and corre-
sponding trips. Activities have been classi�ed as “home”, “work” and “other” (including as “other”,
“leisure”, “shopping”, etc.). A sample of around 15 % of the population was used in the simulation.
Modes used in the simulation model include: walking, cycling, public transport and car.
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62.3 Calibration and Validation

Di�erent data sources were used to calibrate and validate the model. First, to validate agent plans
obtained from mobile phone data, results were compared to EMEF (Enquesta de Mobilitat en dia
Feiner), indicating that mobile phone data provides information similar to traditional surveys.
Additionally, agents’ utility function was calibrated using the modal split from EMEF and road
counts.

62.4 Results and More Information

At the time this summary was written, the calibration process was still ongoing. More detailed
information about the scenario and main results can be found at: http://www.eunoia-project.
eu/publications/ (project deliverables/Report on Case Study 3: Barcelona).



CHAPTER 63

Belgium: The Use of MATSim within an Estimation
Framework for Assessing Economic Impacts of

River Floods

Ismäı Saadi, Jacques Teller and Mario Cools

63.1 Problem Statement

With the history of river �oods in Belgium and the signi�cant probability that such events will
again take place in the near future, assessment of both direct and indirect economic impact was
deemed essential to allow formulation of an adequate policy program and e�cient �ood risk man-
agement. One proposal would assess �ood risk at the micro-scale level: i.e., individual buildings
for exposure analysis and direct economic damage estimation, individual companies for indi-
rect economic damage estimation, 10 meter grid spacing for land-use modeling and individuals/
vehicles for transportation models. To enable this assessment, an integrated modeling framework
combining di�erent simulation theories from a multidisciplinary perspective is being developed.
Figure 63.1 describes the procedure to measure the annual �ood risk. A more detailed description
of the whole modeling chain is available in Dewals et al. (2015).

A basic modeling framework premise is that di�erent spatial pattern ’families’ might in�uence
the damage intensity caused by river �oods (e.g., land use change, transportation systems). In this
chapter, we focus on how MATSim is being integrated into this overall framework, thus focusing
on the TSA (Transport System Analysis) within the overall estimation procedure. For TSA,
two con�gurations (freight and passenger model) are distinguished. For the passenger model, a
MATSim scenario is developed on a national scale to simulate travel demand at base year 2010 and
its evolution during the following years. The main objective is to study the e�ects of river �oods on
the transportation network and, consequently, on travel demand from an economic point of view.
In addition, a freight travel demand model has been developed, to enable interactions between
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Figure 63.1: Economic impact estimation procedure.

passenger and goods �ows. Note: at this time, this is still an aggregate four-step model, but
development is ongoing to develop an agent-based model for the freight side.

63.2 Data Collection

As inputs, MATSim requires a synthetic population (or travel demand) �le, as well as the related
transportation network. Unfortunately, no recent census is available for the �rst input; the latest
dates from 2001. To compensate, a synthetic population was derived from more recent travel sur-
veys (e.g., Cornélis et al., 2012) by employing a Gibbs sampler (Farooq et al., 2013). The Belgian
National Household Travel Survey (e.g., Cornélis et al., 2012) contains socio-demographics and
activity travel diaries with a detailed description of activity start, end times and durations. Activity
locations are also available, but at the municipality code level. They are generally accessed by us-
ing the new municipalities referencing system: LAU (Local Administrative Unit) level 2. For the
transportation network, OSM network data has been used.
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63.3 Input Preparation

63.3.1 Network

The network data of Belgium, downloaded in 2015, is available online from the OSM server. It
consists of 100 467 nodes and 232 715 links. Network quality is generally acceptable, according to
many MATSim users, even if manual adjustment is necessary for speci�c links.

63.3.2 Synthetic Population

Preparation of a synthetic population presents a signi�cant challenge for this case study; only
micro-data are available to enable population synthesis. From these partial views of the actual
population, use of a Gibbs sampler enables the joint distribution (re-)construction. The outputs
seem to be encouraging when comparing computed predictions to the reference dataset. Here, we
propose testing the methodology by synthesizing some relevant variables for both transportation
and urban systems simulations at the household level (see Figure 63.2).

63.3.3 Activity-Based Pattern Generation

A�er the synthetic population has been generated, activity types, activity times and activity loca-
tions are generated and associated to the agents, using an activity-based pattern generator. Using a
combined set of machine learning techniques, daily activity planners are generated for each agent.
As shown in Figure 63.3, the model suggests some promising �rst results. The activity-pattern gen-
erator is calibrated by using micro-data, such as activity travel diaries extracted from travel surveys.
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Figure 63.3: Activity chains generation.

Calibration quality will be measured a�er analyzing MATSim scenario outputs when tra�c counts
are compared. If the comparison between observed and simulated tra�c counts suggests a signif-
icant deviation, a direct approach based on tra�c counts (Cools et al., 2010) could work to adjust
activity-based pattern generator parameters.

As outlined by Cools et al. (2011), uncertainties introduced by statistical distributions of ran-
dom components in most activity-based models might be signi�cant. Thus, some key indicators
(e.g., sequences type proportions) will be investigated to measure micro-simulation error impact.

63.4 General Modeling Framework

In Saadi et al. (2014), the overall modeling framework is presented, as well as the integration of
scheme components. This paper covers all concepts expected to be used in building the future
MATSim scenario. Figure 63.4 is a partial view of the overall modeling framework being researched
at the moment.

63.5 Modeling Network Disruption

As mentioned, this study also suggests modeling network inaccessibility occurring a�er river
�oods. This approach assumes that link capacities subjected to river �oods are reduced, depending
on �ood intensity. Given that damage is mainly a function of water depth, the idea is to intersect
a steady-state inundation map with the transportation network or, at least, the area impacted by
�oods (Saadi et al., 2014). Then, an analysis extension will be achieved by including a time series
of river �oods for a better understanding of dynamic e�ects: e.g., response to river �oods propa-
gation, return way and time to the new equilibrium point between transport supply and demand.
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Figure 63.4: Partial modeling framework.

A similar problem was studied in a tsunami evacuation scenario simulation in the city of Padang
(Lämmel et al., 2010) (Chapter 76) and was particularly interesting in terms of network dynamic
evolution during the scenario simulation.

63.6 Next Development Steps

When the complete integrated agent-based transportation model is ready, combination with the
land-use change CA (Cellular Automaton) based model proposed by Mustafa et al. (2014) will
to allow more interactions between those two patterns. This connection will be the basis for an
innovative micro-scale LUTI (Land-Use and Transport Interaction) model, allowing more accurate
predictions about future river �oods in�uenced by di�erent micro-scale patterns.





CHAPTER 64

Brussels

Daniel Röder

The MATSim scenario for Brussels was developed as part of the SustainCity project. This project’s
goal was to couple an urban land use model, in this case UrbanSim, with the MATSim mobil-
ity simulation, to evaluate transport policy impact on urban land use and vice versa. A detailed
description of this coupling is given by Nicolai (2013) and others. A detailed description of the
scenario development is found in Röder et al. (2013).

The scenario covered the greater Brussels area in Belgium; input data was derived from two
main sources. The population was directly generated from the UrbanSim model, covering a total
of 860 214 persons. At home- and at work-locations (per person) were given and converted into
a daily home-work-home plan. For computational reasons, a randomly-drawn population sample
of one percent was used. OSM was sourced for the street network generation, which consisted of
10 861 nodes and 19 830 links, i.e., using mainly the trunk road network.

For the modeling of public transport, two di�erent approaches were tested: �rst, the MATSim de-
fault approach for scenarios where no detailed transit schedule is available, based on either: beeline
distance and average speed, or network-based freespeed travel times and a designated factor. The
second approach was not part of the MATSim core during the project, but was available as a contri-
bution (matrixBasedPtRouter, see Chapter 20). It was based on O-D travel time matrices between
transit stops, i.e., travel times for all relations were computed in a pre-process. The travel times
can based on a real-world-schedule or certain assumptions which can take spatial coverage into
account. Advantages of this model are obvious; on one hand, it may depict spatial coverage with
public transport supply—here, distance to the next transit stop in�uences travel time. On the other
hand, it may depict the real network, i.e., routes and lines and possible waiting times for switching.
Both approaches were compared against travel times and mode share measures from a SATURN
(Simulation and Assignment of Tra�c to Urban Road Networks) model. Since the matrix-based
approach came closer to this model, further investigations were based on that.
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To evaluate the model’s sensitivity to certain policies, a cordon toll scenario was set up, where
a toll is charged between 6 and 10 am every time a car passed a cordon border, i.e., every time a
car entered a link crossing a cordon border de�ned by the Brussels freeway ring. Accessibility was
calculated and compared for both scenarios. Röder et al. (2013) provides a detailed analysis.



CHAPTER 65

Caracas

Walter J. Hernández B. and Héctor E. Navarro U.

Capital of the country, Caracas is the largest city in Venezuela, with serious vehicle tra�c
issues. Its daily estimated circulation of 1.5 million units represents three times the load originally
estimated for the city’s growth. Despite the lack of o�cial statistics, it is possible to estimate the
amount of Caracas’ tra�c using other national �gures, such as the Time Travel Index employed by
the Federal Highway Administration (2013). This index estimates approximately 50 % longer than
free-�ow travel to traverse inner city circles and 75 % around metropolitan areas. This is in stark
contrast to an average city in the US, which normally does not go beyond 35 %, even in the worst
case.

Apart from obvious budget-related de�cits these delays cause in work force productivity for com-
panies and organizations, the country itself loses an estimated $2.1 billion per year. This includes
the precious subsidies that have helped to maintain the country’s world lowest prices of gas for
decades (Wilson, 2008); $1 billion could be saved by reducing the average circulation time by just
30 minutes. Equally important, the accompanying signi�cant reduction in CO2 (Carbon Dioxide)
emissions would help meet greenhouse targets for the country.

In recent years, several measures have been initiated to cope with increased tra�c in Caracas:

• HOV (Highly Occupancy Vehicle) lanes (Turnbull, 1990), implemented in a contra�ow fashion
to increase tra�c �ow on central roads and highways,

• bus lanes for rapid bus trips and bicycle lanes, to stimulate use of alternative means of transport,
and

• shi�ing job starting hours to non-peak times and increasing the number of at-home working
hours for certain types of jobs, to cut back vehicle use and general costs to public transport.

In addition to the these measures, other mechanisms could be implemented, such as weekday cir-
culation restrictions (e.g., based on license plate numbers) and smart tra�c lights. Especially in the
case of smart tra�c devices and planning of special lanes, careful study and simulation of tra�c
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(a) Snapshot obtained from OSM. (b) Three snapshots of a simulation ran in MATSim between 6:00 and

6:30 am, depicting the increasing tra�c in the zone.

Figure 65.1: An area of “Los Cortijos” in Caracas, Venezuela.

Figure 65.2: Interface of the so�ware tool developed in Java showing the area studied. Blue dots
over the roads in the map represent the counters positioned in the area to capture vehicle �ow
used as input for the simulation.

patterns must be undertaken. To help achieve this, a so�ware tool was envisioned with the following
objectives:

• to envision creation and editing of tra�c networks on MATSim format and assign validation
points to the network,

• to study and analyze simulation results, especially the tra�c volumes assigned to roads,
• to translate data obtained in O-D format for input to MATSim, and
• to run the simulations and validate outputs in order to calibrate the parameters involved.

The tool was tested with real data tra�c in a Caracas area “Los Cortijos” (Figure 65.1(a)), one
of the most heavily traveled zones on the city’s east side. The simulation model belongs to the
microscopic category, made by Gartner et al. (2001), since only individual elements are taken into
account (i.e., vehicles).
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The network was created by using data from OSM, then manually modifying it (i.e., setting cor-
rect speed, capacity attributes) based on information delivered by a company conducting a study in
the same area. Demand was given in a O-D matrix by the same company, but only for the morning
period. As the area researched is mainly a consuming zone in the morning and a producing zone in
the a�ernoon, values from the O-D matrix were used to create day-plans for the agents. An initial
departure time around 7:30 am was assigned to the plans.

Several scenarios with di�erent re-planning rates were run to test how much agents have to
change their departure time in the morning to allow the network to accommodate all travel
demand. Figure 65.1(b) shows how tra�c jams builds up in the scenario where simulated demand
best matches real-world tra�c count.

Figure 65.2 shows the interface of the tool providing options to: load a map from OSM, load a
network from MATSim, load counters (blue dots in the map image), save the map and export to a
shape �le (an open �le format for GIS systems).

Figure 65.3(a) shows an image output of the same area a�er running a simulation generated
with MATSim and including a vehicle-density color map. Figure 65.3(b) shows a sample score

(a) A snapshot of the area at 7:00 am with a color map for vehicle �ow.

(b) MATSim sample score statistic for one of thescenarios de�ned.

Figure 65.3: Simulation results.
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graph from one of the many tests run: avg. trip time of 02h:06m:38s and avg. distance per agent of
1727.83 meters; total run time of the simulation was 41 minutes 56 seconds.

In spite of di�ering approaches between the company’s study and our own results, through sim-
ulations, the numbers were quite similar with a range of di�erence not exceeding 3 % (-0.42 % to
2.52 %). Examining these promising results, but also the limitations encountered, the following
future lines of work were de�ned:

• Run a larger number of simulations and compare with real data, to �ne-tune accuracy of results.
• Improve capacity to incorporate simulation plans from censuses and polls, among other al-

ternative data sources di�erent from O-D and develop a methodology allowing disaggregated
collection of data.

• Include more options for network creation, such as generating links based on characteristics
like zebra crossings, speed humps, curb extensions and/or a number of tra�c signs.

• Create options to manage a simulation project incorporating the internal organization made by
the tool, where all iterations of simulations are separated in folders with all outputs produced.
This also implies the creation of a more re�ned reporting tool that could be used to support the
decision making process of smart tra�c devices, contra�ow lanes, etc.
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CHAPTER 66

Cottbus: Tra�c Signal Simulation

Joschka Bischo� and Dominik Grether

The Cottbus (Germany) scenario is used for tra�c light simulation (see Chapter 12). It is explained
by Grether (2014, pp. 87); this chapter brie�y reviews the main points. The scenario data is generally
available to the public, and can be found from http://matsim.org/datasets.

The network was derived from OSM data in summer 2010 (Bischo�, 2010), and covers all streets
within the city boundaries, as well as main roads in the surrounding Spree-Neiße administra-
tive district. It is designed as a 100 % sample. The population is based on the German federal
employment agency commuter statistics for both Cottbus and Spree-Neiße (Wiethölter et al.,
2010). As such, the population has only home-work-home plans spread over the usual commuting
times, resulting in two peaks, including 33 479 agents traveling exclusively by car. The scenario is
generally not very busy; the area does not usually have major congestion issues.

Figure 66.1(a) shows the network over the “Corine Land Cover” landuse (European Environment
Agency, 2011), provided by European Environmental Agency. Woods and agricultural areas are
depicted; most of the region is agricultural use area. Virtual persons in MATSim need a geographic
coordinate for their activities. If this coordinate is drawn randomly (solely based on municipal-
ity borders), home and work activity locations are uniformly distributed over the area, i.e., most
of them in woods and �elds. Thus, activity locations are drawn randomly in combination with
land use data. The coordinate must be in the municipality area and for home activity, it must be
located in urban fabric areas; for work locations, industrial or commercial areas are also allowed.
The resulting home activity locations are shown in Figure 66.1(b).

The scenario contains data for 22 tra�c signals within the city center, based on the city’s 2009
signal plans; junction layout is also modeled in detail. Fixed-time control data is taken from Köhler
and Strehler (2010). Due to higher transport network resolution, several originally recorded �xed-
time control schedules are invalid and were removed; data for 22 junctions is available. Figure 66.2
shows their transport network location.

Public transit, not part of the original scenario, is available based on 2011 schedules, although it
is not currently used.
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(a) Cottbus network and municipality borders. (b) Synthetic population for the Cottbus scenario,

geospatial location of home activities.

Figure 66.1: Cottbus scenario: Network and population.

Source: Grether (2014)

(a) Location within city of Cottbus. (b) Signalized area in detail.

Figure 66.2: Cottbus scenario: Network, area with tra�c signals within the city of Cottbus.

Source: Grether (2014)



CHAPTER 67

Dublin

Gavin McArdle, Eoghan Furey, Aonghus Lawlor and
Alexei Pozdnoukhov

67.1 Introduction

To demonstrate a new spatial choice model, a microsimulation of urban tra�c �ows for the greater
Dublin region was implemented using MATSim. The scenario simulated leisure activities and
commuting trips completed by individuals using private cars over a twenty-four hour period. For
commuting trips, detailed information from the Irish Census was used; a new spatial choice model,
inspired by the radiation model, was developed for leisure trips. The e�ectiveness of the approach
was validated using hourly data from count stations on the main motorways around Dublin City.
The results show that the microsimulation accurately reproduced tra�c volumes.

67.2 Study Area

County Dublin, in Ireland, covers an area of approximately 115 square kilometers and encompasses
several administrative areas. Dublin is a coastal county with the Irish Sea lying to the east. To
capture both intra-city and inter-city �ows, the scenario considered individuals who live or work
in Dublin, capturing those who commute to or out of Dublin, as well as those who live and work
there.

67.3 Network

To capture the desired study area for the scenario, the network consisted of all roads in the greater
Dublin region and major roads for the remainder of the country. The road network was a mix of
motorway, national routes and local roads and was extracted from OSM, along with other infor-
mation such as speed limits and number of tra�c lanes. This OSM network was prepared for use in
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MATSim. This study focused on private vehicles; the public transport network was not considered,
but can be incorporated into the microsimulation in future studies.

67.4 Population Generation

The population for this scenario consisted of all car drivers who live or work in the greater Dublin
region and was prepared from a variety of data sets. To obtain home and work locations, the
2011 Irish Census was used, particularly a census subset called POWSCAR (Place of Work, School
or College Census of Anonymised Records). This provided home and work locations, mode of
commuting transport used, time of departure for work or school and a variety of socio-economic
data at an individual level. The individuals relevant to this scenario (drivers who live or work in
Dublin) were extracted from the data set. In POWSCAR, home locations are anonymized by ag-
gregating them into a statistical unit called the small area, consisting of 80 to 100 households. In
the greater Dublin region, this represents a street or an apartment complex. We translated this
to an individual address point by selecting a random address point within the small area. For this
process, we used a commercial database of addresses and their coordinates in Ireland called Geodi-
rectory. To account for non-workers, we used census statistics to generate the spatial distribution of
the number of sick, unemployed and retired persons along with car ownership details to produce
the non-working population for the greater Dublin region. These were also assigned to individual
address points, providing us with a population of 600 000 agents for the scenario (see Figure 67.1).

67.5 Demand Generation

Individuals from the population were assigned work and school locations according to POWSCAR
(Figure 67.1). In POWSCAR, work and school locations are given at a 250 meters grid level and
we translated them into individual address points using Geodirectory. For school and collage
locations, the address point was checked using NACE (from the French title ’Nomenclature
générale des Activités économiques dans les Communautés Européennes’) codes, to con�rm its sta-
tus as an educational institute. Departure times for work and school were assigned using a Gaussian
curve centered at the declared 30 minute departure time from POWSCAR. INTS (Irish National
Travel Survey) was used to create non-commuter demand for the road network. Through a survey,
the INTS collected a 24 hour travel diary for an Irish population sample recording journey origin,
destination, departure time and mode. We extracted the private car mode and combined the data
with the commuter data to create a 24 hour activity chain for each individual in the population.

67.6 Activity Locations

A set of activity locations were obtained from an in-car navigation system’s POIs (Points of Inter-
est) database and augmented with additional POIs from OSM. While work locations were assigned
from demand generation, locations for secondary activities, such as shopping and leisure, were not
speci�ed in the INTS and so had to be modeled to create spatial and temporal activity chains for
the population. We developed a radiation model variant that applied emission-absorption ideas to
compute interaction probabilities for a set of origins and destinations. The radiation model was
parameter-free and distance decay was replaced by a ranked-based decay (Simini et al., 2012).
While generally used for modeling movement between regions or cities, we used this approach to
produce probabilities of selecting di�erent locations capable of ful�lling a given activity. Where
the radiation model uses known populations of locations to produce region ranking, we used
attractiveness scores for areas and facilities that could ful�ll an activity. A facility, venue or area’s
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Figure 67.1: The distribution of work (upper image) and home (lower image) locations for part of

the Dublin scenario.
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attractiveness was derived from venue size, which was calculated using domain knowledge and
the model was calibrated with trip distribution patterns from social media check-in statistics. This
radiation model variant was used to assign locations to secondary activities in the agents’ day chains
for the Dublin scenario demand.

67.7 Validation and Results

Network, population and demand data were prepared for use with MATSim. For e�ciency reasons,
a 25 % sample of the population was used for the simulation. The location choice model described
above was used to generate the initial demand. On each interaction of the simulation, agents could
be rerouted or rescheduled according to the MATSim default settings, but the locations de�ned in
activity chains remained constant. The simulation reached a stable state a�er 350 iterations. The
road volume data output was scaled according to the sample used, aggregated to an hourly count
and compared to the observed count data from 6 count stations on motorways around Dublin. In
order to compare the e�ect of the new location choice model, the simulation was re-run using the
MATSim nearest neighbor algorithm for selecting secondary activities’ locations.

67.8 Achieved Results

Aggregated hourly counts were compared with those observed at the 6 count stations which deter-
mine the number of vehicles traveling in two directions. A typical hourly distribution was obtained
by averaging mid-week tra�c volumes for a 3 month period. The results produced by the radiation
model showed a stronger correlation between simulated and observed counts than those from the
nearest neighbor approach. Figure 67.2 shows hourly observed and simulated count data for two
count stations; the inset shows the relative percentage error for the two approaches being tested.
The results indicate that both techniques are e�ective for estimating commuter tra�c during morn-
ing and evening peaks. This was to be expected as the location of school and work activities were
provided from real world data, but it did con�rm the MATSim routing algorithm e�ectiveness. For
daytime tra�c, which consisted mostly of secondary activities, our variant of the radiation model
outperformed the nearest neighbor approach; it included individuals who were willing to travel
further for better opportunities, producing more accurate results.

67.9 Associated Projects andWhere to Find More

The Dublin scenario validation results demonstrated the e�ectiveness of MATSim as a tra�c sim-
ulation tool and also showed the power of our spatial choice model which adapted the radiation
model to predict individual movement at a small spatial scale. In the future, the research will be
expanded by considering a multimodal transport network and scaling the scenario from an urban
simulation to a national one. Full details of the Dublin scenario can be found in McArdle et al.
(2012) and McArdle et al. (2014).
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Figure 67.2: Hourly observed tra�c volumes (dashed line) compared to the estimated tra�c
volumes produced by MATSim using the radiation model (green line) and nearest neighbor
model (orange line).





CHAPTER 68

European Air- and Rail-Transport

Dominik Grether

This chapter discusses simulation of air- and rail-transport technology and passengers using
MATSim. There is no great di�erence in overall travel times between middle-range rail and air
transportation. Airports and railway stations are a�ected by capacity and opening time constraints.
For passengers and goods, geospatial location is an important property. Both modes, but especially
air transport, are faced with di�cult capacity restrictions at certain departure times.

This chapter discusses how MATSim can be applied to capture these constraints and how in-
teraction between passenger demand and constraints on technology supply can be modeled. The
public transit model of MATSim (Chapter 16) is applied. Airports and aircra� are microscopi-
cally modeled the same way as bus stops and buses. Passengers are represented microscopically as
multi-agent demand for air transportation. Their choices of transport mode, routes, and depar-
ture time are restricted by the air transport technology simulation model’s capacity. The modeling
of rail transport is based on teleportation. With appropriate data, the modeling approach for air
transport could also be applied to rail transport (Quick, 2012).

The modeling of technology and demand is sketched in Section 68.1. On the basis of simulation
results for a pure air transport model, rail transport is added and e�ects of mode choice are pre-
sented (Section 68.2). Section 68.3 then interprets simulation results and highlights some modeling
aspects requiring further study. The choice set generation and plans removal algorithm of MATSim
is discussed in detail; that is also the subject of Section 97.4. Modeling, results, and studies of this
chapter present the highlights of Grether (2014, Chapter 6, pp. 119), in more detail.
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Figure 68.1: Layout of airports in the air transport network: In- and outbound runways are mod-
eled by separate links connected by taxiways and a link representing the apron. There the transit
stop facility is attached.

Source: Grether et al. (2013)

68.1 Air Transport Scenario

68.1.1 Modeling & Simulation of Air Transport Technology

The air tra�c technology model uses data provided by OAG Aviation.1 Relevant data for schedule
and network generation is taken from the September 2009 OAG data, using all �ights departing on
a Tuesday, taking each speci�c �ight number into account only once. This may not always result in
complete �ight cycles, e.g., when the outbound and inbound �ight operate on di�erent days of the
week. Compared to using all �ights of an entire week, the network may be incomplete, as certain
destinations are only served on speci�c days.

The air network modeling aims at a simulation with MATSim. The network consists of airports,
each showing an identical layout and point-to-point connections in between. Every runway is solely
used either for inbound or outbound �ights, with taxiways connecting the runways to the apron.
The latter accommodates a transit stop, i.e., the terminal, where �ight movements originate and
terminate (Figure 68.1). Each airport pair is directly connected by airway links, one for each �ight
and direction of travel (Figure 68.2). Maximum speed on any of these links is calculated based on
distance and �ight duration provided by OAG. Times for taxi, take-o�, and landing are also taken
into account, i.e., �ight duration is reduced by the time needed from push-back to airborne before
the maximum speed for an airway link is calculated. Each �ight has an individual link that could
be interpreted as route, each possessing individual characteristics. Figure 68.3 shows parts of the
network for European air tra�c.

1
http://www.oagaviation.com, last access 08.08.2012
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Figure 68.2: Layout of airways in the air transport network: each airport pair is directly connected
by two airway links, one for each �ight and direction.

Source: Grether et al. (2013)

Flight schedules are taken from the OAG data and translated to a MATSim transit schedule con-
taining information about each line, route, and departure. For each airline o�ering a connection
between two airports, a transit line is generated. A transit route, which represents the route on the
air tra�c network, is created for each �ight o�ered by this airline. Mutual interferences of aircra�s
en-route are not included in the studies presented in this chapter.
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Figure 68.3: European air network with country borders in the background (country borders
c© http://www.openstreetmap.org).

Source: Grether et al. (2013)

To represent individual aircra� in the simulation, transit vehicles are created on the basis of OAG
data. IATA aircra� codes, operating airlines, and seating capacities are re�ected in the respective
aircra� representation for every �ight. Information about boarding times, i.e., passenger �ow per
door over time, is not available, but could be set for each aircra� type. One aircra� per �ight is
generated, thus delays resulting from a delayed incoming aircra� are not modeled. Accordingly,
no aircra� rotations and vehicle trip chains are implemented at this time. The maximum velocity
of each aircra� is set to twice sonic speed, since speed limitations are set for each network airway
link.

68.1.2 Passenger Demand

As soon as the technology side of air transport is modeled, passenger demand simulation can begin.
The passenger demand for trips in Germany created and used for the results of this section is based
on O-D data of DESTATIS.2 For each O-D pair and trip a virtual person is created. Each virtual
person performs two activities, one at the origin and the other at the destination airport. Both
activities are of same type, thus time spent performing both activities is accumulated before it is
evaluated by the utility function according to Section 3.2. A typical duration, ttyp,q, of 21 hours is
set for this activity type. The time virtual persons arrive at the origin airport and start waiting for
a connection is drawn randomly from a uniform distribution in 4 am to 6 pm, UTC. This re�ects
estimated typical opening hours of European airports. No other time constraints are set, thus the
only incentive for virtual persons is to reduce overall travel time and maximize time spent at the
activity. A �ight leg is scheduled between the two activities, connecting origin and destination. As

2 Deutsches Statistisches Bundesamt, http://www.destatis.de, Fachserie 8 Reihe 6, last access 10.09.2012
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usual, the demand does not specify if a direct �ight from O to D is chosen or the virtual person
is on a route containing one or more transfers. The synthetic population contains 51 832 virtual
persons, 1 550 trips from the original data are neglected as origin and destination are equal.

68.2 Simulation Results

68.2.1 Air Transport

As a scenario for air transport technology, a coverage model from Europe to world wide destina-
tions is used; with the synthetic population, it serves as input for the simulation. The assignment of
�ights to the desired O-D connection, i.e., the passenger routing, is calculated by MATSim’s default
public transit routing module.

Each simulation is run for 600 iterations. In each iteration, 10 % of the virtual passengers may
shi� their departure time randomly within a 2 hour interval. Another 10 % may seek a new route,
i.e., a connection between origin and destination. Each passenger chooses from a set of 5 plans
using an MNL. The outcome is stable a�er 500 iterations, then departure time choice and routing
are switched o�. For another 100 iterations only the MNL is used by passengers to select a plan.

Results are then taken from the output of the 600th iteration. Filtered by �ights in Germany,
Figure 68.4 depicts passengers in aircra� (red) and seats (black) over time of day and reveals
passengers’ tendency to depart early.
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Figure 68.4: Passengers in aircra� and available seats over time in Germany: At any time, there
are more seats than passengers. Air transport-only scenario based on O-D data for Germany,
iteration 600.
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Some passengers fail to reach their destination and are “stranded”. This is unrealistic; only
trips within Germany are modeled. These are usually completed within a few hours, with no
requirement for an overnight airport stay. 320 passengers are stranded at the end of the day. Getting
stranded is not a result of insu�cient seating; at any time of day, there are more seats than demand.
There are many reasons why passengers could be stranded in such a situation. Further analysis of
the clineswitch = 0 scenario simulation results indicates:

• 92 passengers are stranded because there is no seat and no other �ight on the same airline later
that day, to which they could be shi�ed.

• 228 passengers are stuck at an airport because there is no connection a�er their departure time
between that airport and their destination airport.

Behavioral aspects: neither departing early, nor getting stranded, are explicitly modeled.

68.2.2 Adding an Alternative Mode

To gain further insights, in the following a slightly di�erent simulation setup is applied. A second
option for mode choice is added. Each virtual passenger can now choose between the microsim-
ulated air transport options and an alternative mode. The alternative mode has no capacity
restrictions. Passengers traveling with the alternative mode can start directly at their randomly
selected departure time. The travel time, tt, is computed by the microsimulation, with an estima-
tion of the beeline distance between the O-D pair d and a velocity v, i.e., tt = d/v. This velocity is
varied in several simulation runs, i.e., v ∈ {100,150,200,250,300}[km/h]. If the alternative mode
is chosen, the (dis-)utilities for traveling are calculated accordingly in the scoring.

With this population, the simulation is again run for 600 iterations. As in the previous simu-
lations 10 % of the virtual passengers may shi� their departure times, while another 10 % seek a
di�erent route between origin and destination in the air transport network. Additionally, further
10 % of virtual persons may change mode, i.e., they can switch between the air tra�c mode and
the alternative mode. A�er 500 iterations all choice modules are switched o�; thus, for the last
100 iterations, passengers use the logit model to select a plan.

Simulation results for the 600th iteration show that the increasing speed of the alternative mode
a�ects the modal split. While for a v = 100km/h the alternative mode is chosen by 1.2 % of the
passengers, a mode alternative with a speed of 300 kilometers per hour attracts 15.69 % of travelers.
The number of stranded passengers for the alternative mode with v = 100 kilometers per hour is
substantially reduced, from approximately 320 to 67. Higher speeds of the alternative mode further
reduce the number of stranded passengers. Slow speeds of the alternative mode imply dominance
of the air transport mode. If there is a seat on a �ight, travelers receive a higher score than when they
use the alternative mode. However, travelers risk getting stranded, which can be hard to analyze
and interpret. The implemented algorithm is also an open issue; if the number of plans per traveler
exceeds a threshold of 5, the plan with the lowest score is removed from the plan database.

Instead of this deterministic plan removal, a probabilistic algorithm can be implemented:
e.g., plans for removal can be selected based on a path size logit model. With this modi�cation,
simulation runs are repeated. Figure 68.5 shows the resulting travel patterns over time for alterna-
tive modes at speed 100 kilometers per hour and 300 kilometers per hour. Traveler distribution on
the alternative mode over time of day is quite homogeneous. The alternative mode speed increase
attracts more passengers, as re�ected by the modal splits in Table 68.1. At most, one passenger is
stranded at the end of day.

Simulation results are compared in more detail with DESTATIS data serving as a base for the
virtual population. Synthetic population is generated based on O-D pairs that may contain transfers
(odtransfers), while other DESTATIS data counts the number of passengers on actual direct �ights
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v[km/h] # air mode # alt. mode # stuck air mode[%] alt. mode[%] stuck[%]

100 49280 2551 1 95.08 04.92 00.00

150 44835 6996 1 86.50 13.50 00.00

200 39929 11902 1 77.04 22.96 00.00

250 34332 17499 1 66.24 33.76 00.00

300 27270 24562 0 52.61 47.39 00.00

Table 68.1: Modal split for di�erent speeds v of the alternative mode. Air transport and alternative
mode scenario for Germany, iteration 600. Results with random selector for plan removal.

(oddirect). The latter is used to evaluate model accuracy. For comparison, number of passengers on
direct �ights is calculated for each O-D pair (simdirect) from the simulation results. Based on these
data sets, the mean square error and the mean relative error are calculated.3

Table 68.2 shows the outcome of these calculations. The �rst line is the comparison of two input
data sets from DESTATIS.4 This serves as reference, as it would assume that all demand is served
by direct �ights. All simulation runs explain the data better than that reference. Mean square error
and variance increase with the speed v of the alternative mode; logical, as the demand covers only
air transport trips.

3 The mean square error σ 2 is computed as σ 2 =

∑

i∈OD(simdirect (i)−oddirect (i))
2

|OD|
, whereby |OD| denotes the number of

O-D pairs, simdirect(i) the simulated passengers on a direct flight between the O-D pair i, and oddirect(i) the same, but

retrieved from data. With the same values, the (unsigned) mean relative error for each O-D relation is calculated as

mean rel error =

∑

i∈OD |(simdirect (i)−oddirect (i))|/oddirect (i)

|OD|
.

4 In the calculation, simdirect is replaced by odtransfers.



426 The Multi-Agent Transport Simulation MATSim

v[km/h] σ 2 σ mean rel error stuck

odtransfer − oddirect 12640 112 1.75 -

100 10367 102 0.35 1

150 13820 118 0.43 1

200 18651 137 0.56 1

250 25291 159 0.68 1

300 36059 190 0.76 0

Table 68.2: Error calculations for di�erent speeds v of the alternative mode. Air transport and
alternative mode scenario for Germany, iteration 600. Results with random selector for plan
removal.

68.3 Interpretation & Discussion

The alternative mode can be de�ned as a combination of train, bus, or car connection availabil-
ity. Clearly, the results hinge on the assumption that the alternative mode is always available and
not capacity-restricted. All passengers on the alternative mode travel at the same speed, but this
assumption is too coarse for the scenario presented. For example, average speed and temporal avail-
ability of train connections depends on the O-D pair. In principle, the alternative mode could be
re�ned by including O-D pairs’ dependent average speed data. Alternatively, train, bus, and car can
be simulated explicitly, featuring capacity restrictions and mutual interactions. Even considering
these factors, a homogeneous velocity for the alternative mode seems to be more appropriate for
the overall modeling approach illustration. E�ects triggered by the alternative mode availability
are illustrative. Data for the demand provides O-D pairs for air transport, but not for car, train or
bus trips. For more plausible interpretations, further demand data for other modes is required.

All the presented modeling approaches explain passenger routing in more detail than technically
possible from the input data. Most passengers use a direct connection, which is very plausible,
considering the geospatial demand extent. Flying within Germany is o�en not worthwhile if the
connection includes a transfer; empirically it is faster to travel by train, car, or bus. For further
insights, the geospatial extent of the modeled demand could be increased; but this depends on
data availability, not on the overall simulation approach.

Passengers are modeled without speci�c desired departure or arrival times. This study’s input
data does not contain any information about time distribution. The simulation approach can cap-
ture such individual time constraints and the information can be added, without too much e�ort,
with some more data, thus resolving several departure time choice problems.

Stranded passengers are an unwanted product of the simulation. Without the alternative mode,
the only available transport mode is a capacity-restricted �ight connection provided in discrete,
irregular time intervals. The number of stranded passengers is higher than for the simulation runs
with the alternative mode. Passengers are more likely to get stuck in O-D pairs, where demand is
higher than seat capacity, for extrinsic and intrinsic model reasons.

The quality of the simulation model’s outcome hinges on the data available. For older studies
of air transport passenger demand, DESTATIS data for 09-2011 was used, but the air transport
technology model was created on an 09-2009 �ight schedule. The number of �ight starts within
Germany increased slightly between 2009 and 2011 (DLR, 2012, p. 23). Assuming that the number
of available seats increased accordingly, the simulation model provided too little capacity, at least on
certain O-D pairs. As result, the number of passengers not reaching their destination (stranded)
was much higher. With the availability of 09-2009 DESTATIS data, the overall quality of results
improved. Replacement of the 2011 data with 2009 data reduced the number of stranded passengers
signi�cantly, from around 1 500 to 350 travelers.
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Data is provided on a monthly basis, while the simulation model time horizon is one day. Num-
ber of trips per day is retrieved using the assumption that trips are uniformly distributed over all
days of a month. The remaining 350 stranded passengers might be resolved by a more accurate dis-
tribution. Otherwise, a longer time horizon could be simulated.5 This would also include �ights
not departing on a Tuesday. With these alternations,the issue of stranded travelers might be solved.

The problem of stranded passenger can be model-intrinsic. The algorithm removing plans is
apparently critical to avoid stranded passengers. Replacing the deterministic formulation with
the probabilistic resolves most of the stranded passenger problem. The applied path size logit
modeling approach seems to be feasible, but requires further studies for parametrization and in-
terpretation. In general, this modeling approach allows the generation of more heterogeneous
choice sets, see also Section 97.3. With the deterministic plan, removal plans with a high score
(but similar structure) dominate all other generated plans. In combination with capacity restric-
tions, lack of alternatives results in stranded passengers. All other approaches to simulate more
heterogeneity—discussed on the following—should consider these e�ects.

In further studies, departure time choice and cost structures can be re�ned. If there is only one
early connection to a hub per day, some passengers’ departure times might be too late to make
connections. The random departure time mutation may not be able to �nd a connection for all
passengers. This has been ruled out for the current setup, but should be considered in further
studies.

Alternatively, passengers could have a connection that works in theory, but are “crowded out” by
other passengers arriving earlier at the gate; these passengers would reach their destination if they
would take a di�erent route. The current approach would not �nd such a solution, since passengers
do not consider costs they impose on others; see Lämmel and Flötteröd (2009) for an approach
taking that into account. The real-world solution, presumably, would be to raise prices on seats
during congestion periods until a passenger re-routes. Currently, all passengers have homogeneous
time values. For a more meaningful price modeling, additional heterogeneous passenger attributes
can be included. As the present model is based on only O-D data, it does not include such a process.
In principle, other data, e.g., Lorenz curves and median incomes, can be merged with the O-D
data (Kickhöfer et al., 2011).

An alternative approach to improve heterogeneity is a router generating a greater route diversity
for the same departure time. Such a router would be able to direct a passenger to a route where
seats are available, without actually knowing about seat availability. That approach would, how-
ever, not address the issue that some passengers might need to switch their path to allow others
to obtain a feasible path. In Graf (2013), a �rst prototype of such a router is tested in a di�er-
ent context, with �rst tests for the �ight model revealing only slight improvement. As more diverse
routes are dominated by the direct connection, they are removed by the algorithm similar to routes
on slow alternative modes. A�er this general problem is solved, a more diverse routing should be
reconsidered.

68.4 Conclusion

Overall, the results show that a microscopic, agent-based simulation of passenger demand for air
transport is feasible. Most passengers are able to learn the constraints of air transport technology
and arrive at their desired destination.

The technology modeling is similar to the Clarke et al. (2007) approach, although the level of de-
tail is coarser. In the same way as Clarke et al. (2007), further models for, e.g., gates, taxiing, weather

5 Note, that this requires some changes in the source code that may not be resolved by sole customizations of MATSim.

Please ask the developers before running MATSim for a longer time horizon.
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or airline operations can be added to the approach. As the open source code of MATSim comes
with options for extension, more detailed models of the technology side hinge on the availability
of data. In contrast, and going beyond Clarke et al. (2007), passengers are captured at all stages of
their trip and passengers traveling on alternative transport modes can be simulated. The chapter
discusses certain open general issues not speci�c to air transport systems. Interested users should
support the MATSim team in solving these more general questions �rst, which will aid the model
in achieving a more detailed picture of mid-distance travel patterns.

Clearly, potential applications of the proposed model depend on type and detail of information
included. In general, application for policy planning allows a more detailed evaluation of mid-
distance travel policy e�ects, including mode alternative consideration. The approach could also
be useful for private companies’ planning of �ight-schedules and capacities to their connections.
The impacts of these changes on customers can be assessed in close detail.



CHAPTER 69

Gauteng

Johan W. Joubert

Gauteng is a landlocked province in South Africa, with three main metropolitan areas: the city of
Johannesburg, city of Tshwane (formerly Pretoria) and Eurhuleni. Although the province covers
less than 3 % of the country’s surface, it is the country’s economic hub and contributes a third of the
country’s GDP (Gross Domestic Product). The 2011 census reported a population of 12.2 million
inhabitants, a quarter of the South African population.

The �rst Gauteng scenario was developed in 2008/9 and appeared in Fourie (2009) and Fourie
and Joubert (2009). The population was synthesized from 2001 census data and travel demand
was inferred from the 2003 NHTS (National Household Travel Survey). Initially, the network was
created from a proprietary source made available for research purposes this has been replaced with
a much richer OSM network.

Early comparisons already showed that the Gauteng MATSim scenario provided far more
detailed results than the four-step models available at the time (Fourie, 2010). The scenario was
also extended to include freight vehicles (Joubert et al., 2010).

With the introduction of an open-road tolling scheme referred to as the GFIP (Gauteng Free-
way Improvement Project), the scenario was used to study the diversion patterns of di�erent road
user groups. The population was extended to included background tra�c, in the form of public
transport (buses and minibus taxis) and external through-tra�c. This data was taken from Saturn
O-D-matrices made available by the sponsor, the SANRAL (South African National Roads Agency
Limited). The impact of the tolling scheme, using vehicle-speci�c values of time, and a complex
toll pricing regime was reported in Nagel et al. (2014).

The most recent update to the synthetic population generation for the Gauteng scenario is
documented on MATSim’s https://matsim.atlassian.net/wiki/display/MATPUB/South+Africa

Con�uence site.
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CHAPTER 70

Germany

Johannes Illenberger

The Germany scenario was developed by DB ML AG (DB Mobility Logistics AG), a subgroup of
DB AG (Deutsche Bahn AG), the German state-owned railway company, in 2014. To help evalu-
ate MATSim’s applicability in the strategic planning process, as well as de�ning its compatibility
in the traditional zone-based four-step process, this scenario has been constructed to establish a
Germany-wide O-D matrix for private car travel. A solid understanding of the transport market
for private car travel (rail’s major competitor) is required for the strategic planning process at the
DB ML AG. This scenario intentionally focuses just on road transport since, on one hand, there
are already well-established models for rail transport at the DB ML AG and, on the other hand, this
scenario is meant to be the �rst step towards MATSim’s application.

Considering this scenario’s objective, MATSim is used here as a tool to build a microscopic rep-
resentation of the current transport market. Unlike the majority of MATSim studies, the focus is
not to build and calibrate a behavioral model with forecasting power to answer the “what if ” ques-
tion. Hence, this study emphasizes reproducing empirical measurements, rather than on modeling
plausible causalities and behavioral processes.

The �nal outcome of this exercise is a O-D matrix with average daily trip volumes. Although a
higher temporal resolution is possible and also available from travel data, this dimension will not
be considered during calibration and validation of the scenario. The matrix is based on a zonal
structure with approx. 10 K TAZs, with a granularity comparable to municipalities (LAU 2) and a
higher detail in large cities.
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Figure 70.1: Le�: Simulation road network including roads down to the level of major arterials.
Right: Spatial distribution of activity facilities colored according to activity type.

70.1 Demand and Supply Data

The German national travel survey MiD from 2008 (Follmer et al., 2010) builds the foundation
for the synthetic population and its travel plans. The survey features approx. 60 K person records
with one-day travel episodes. A travel episode speci�es trip sequences with mode, purpose, travel
distance and day of reporting. Home locations are known at the level of states and municipality
type (urban/rural). From each record, a synthetic person with one travel plan is generated. Initially,
activity locations are set to random facilities and each person is cloned multiple times (according
to the person’s weight), so that in total a population of 4 M persons results.

The road network is extracted from OSM. The geographical resolution of the O-D matrix allows
omission of minor roads (everything below “tertiary” in OSM terminology) and the network is
further simpli�ed so that connected nodes with a distance less than 50 meter are merged to one
node. The resulting network consists of 126 K nodes and 360 K links (Figure 70.1).

Activity facilities are taken from OSM as well. A facility can be synthesized from a OSM node
representing a point-of-interest (shop, restaurant, bar, etc.), a polygon representing a building and
a polygon representing a region with speci�ed land use. In the latter case, multiple facilities are
generated proportional to the polygon’s area. Activity options are inferred from meta informa-
tion associated with the node or polygon. Given the huge amount of “home” facilities, only a 20 %
subsample is used. This still yields a total of 5.6 M activity facilities.

70.2 Imputation and Calibration

The location of activities—origin and destination of trips—are required for building the O-D
matrix. The travel survey does not provide any information on activity locations. Thus, the
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study’s main task is to impute plausible activity locations, given the sequence of trip distances and
underlying geographical distribution of activity facilities. The intermediate solution resulting from
this imputation is calibrated against count stations and selected O-D �ows from car navigation
devices.

The imputation process implementation can be considered as a Monte Carlo Markov Chain
simulation converging into a distribution where the activity locations con�guration best �ts the
constraints imposed by trip distances, count stations and selected O-D �ows. Solving this task in
one simulation process would be congruent with theory. However, considering the scenario size
and computational limitations, the process is split into three steps: (i) assigning “home” locations,
(ii) generating an initial state with assigned “non-home” activity locations, and (iii) varying a sub-
set of “non-home” activity locations to meet car volumes at count stations and selected O-D pairs’
�ows. Steps (i) and (ii) can be considered as imputation processes and are realized outside of the
MATSim iteration framework. Step (iii) can be considered the calibration step and is realized with
a MATSim-Cadyts setup con�gured as a Monte Carlo engine (see Chapter 48).

70.2.1 Imputation of Home Locations

Home locations are known at state and municipality type levels. The municipality type is divided
into six categories by number of inhabitants. Initially, each person is placed on a random home
facility, while inhabitants’ geographical distribution is given at the TAZs level. A Monte Carlo
simulation relocates persons to best meet their speci�ed state and municipality. More formally:

1. Generate an initial con�guration Pk:

(a) Randomly assign each person n a home facility.

(b) Evaluate the con�guration: H (Pk) =
∑

n θ1δn + θ2

∣

∣mn −m∗
n

∣

∣, where δn is 0 if the per-
son is located in the correct state and 1 otherwise, mn denotes the category index of the
current person’s municipality and m∗

n its target category. Parameters θ1 and θ2 control
how close the simulation converges to the target values.

2. Generate a new con�guration Pk+1 by switching the home facilities of two random persons.

3. Accept the new con�guration Pk+1 with probability πk+1 = 1/
(

1 + exp
(

H
(

Pk+1

)

−H (Pk))), otherwise return to Pk.

4. Repeat step 2 and 3 until the system reaches a steady state distribution.

Switching home facilities, instead of assigning a random facility, ensures that persons’ spatial
distribution remains constant. Running the simulation for 109 iterations results in a con�guration
where more than 90 % of persons are located in their correct state and, on average, three of four
persons are located in their correct municipality; the forth persons is just one category index distant
from its target index.

70.2.2 Imputation of Non-Home Locations

Activity locations (non-home) are assigned with an analogous process, like home locations. The
simulation relocates activities so that resulting trip distances best meet their empirical target dis-
tances. In this imputation step, distance always refers to the beeline distance and thus avoids
expensive route search.

About one forth of all trip chains are composed of more than two trips; that is, trips are not
symmetrical. Accordingly, drawing a random activity location on a annulus centered at the origin
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activity location, with radius according to the target distance, does not necessarily ful�ll the target
distances of succeeding trips. The simulation process is speci�ed as follows:

1. Generate an initial state Pk:

(a) Assign a random facility to each non-home activity by considering the activity type and
the facility’s activity options.

(b) Evaluate the con�guration: H (Pk) =
∑

n

∑

q θ3

∣

∣

∣

dnq−d∗
nq

d∗
nq

∣

∣

∣, where dnq denotes the real-

ized distance of n’s trip to activity q and d∗
nq the target distance.

2. Generate a new con�guration Pk+1 by assigning a random facility to a random non-home
activity (by considering activity type and activity options).

3. Accept the new con�guration Pk+1 with probability πk+1 = 1/
(

1 + exp
(

H
(

Pk+1

)

−H (Pk))), otherwise return to Pk.

4. Repeat step 2 and 3 until the system reaches a steady state distribution.

A con�guration is evaluated based on the relative error or realized distances to target distances,
so that short and long trips are treated equally. Parameter θ3 controls the randomness. That is, if
θ3 = ∞ each trip would exactly (if possible) meet its target distance, which, however, is not the
desired solution. Rather, θ3 is adjusted so that there is some randomness in realized trips distances,
but without distorting global target distance distribution.

70.2.3 Calibration

The outcome of step 2 (Section 70.2.1) and 3 (Section 70.2.2) is a valid population with imputed
home and activity locations. In the third step, the population is calibrated against measurements of
count stations and �ows of selected O-D pairs. This step is implemented in a “standard” MATSim-
Cadyts combination. The scoring function accounts only for the “linear plan e�ect”, agents are
allowed to have only one plan and SelectExpBetaForRemoval is used for the
planSelectorForRemoval parameter. All Cadyts parameters are le� to their defaults.

During replanning, non-home activities that are not part of a complex trip chain are relocated.
More speci�cally, an activity is valid for relocation if:

• The facility of the previous and succeeding activity is equal (round trip), or
• the activity is the origin of the �rst trip, or
• the activity is the destination of the last trip.

The above conditions ensure that complex trip chains that have been adjusted in step 2
(Section 70.2.2) are not distorted. New activity locations are randomly chosen within a distance
of ±10 % of the trip’s target distance, so that global distance distribution is conserved.

70.2.3.1 Counts Calibration

The German Federal Highway Research Institute, BASt (Bundesanstalt für Straßenwesen),
provides average daily vehicle volumes (distinguished in car and trucks) yearly, measured at
about 1500 count stations on motor- and highways. A�er separating each station’s data into
both directions of tra�c and validating measured vehicle volumes, about 2 500 link volumes are
available for calibration. Empirical car occupancy rates (depending on trip purpose) are taken
from the MiD to convert person volumes to car volumes.

70.2.3.2 O-D Calibration

O-D calibration is based on an O-D matrix representing car navigation device �ows. Since
occupancy rate of devices in cars is unknown, only the distribution of �ows is used for calibration.
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Further, comparison with other data sources shows that the O-D matrix is only valid for O-D
pairs above a distance of 100 kilometers. This appears reasonable, considering that navigation
devices are probably not switched on for short (likely commuter) trips. Accordingly, only O-D
pairs above 100 kilometers distance and, from those, only the 6 000 pairs with the highest volumes
are extracted into a reduced calibration matrix. The latter conditions ensures that only pairs with
a su�cient sample size are used.

The reduced calibration matrix is normalized to the sum of all trips in a reference matrix. The
reference matrix contains all trips from the initial population that correspond to all non-null O-D
pairs (matrix entries) in the reduced calibration matrix. This yields a calibration matrix with valid
absolute trip volumes.

For each O-D pair, a virtual link is inserted into the road network at runtime. A virtual count
station with the corresponding count value from the reduced calibration matrix is attached to each
virtual link. In the mobility simulation, a�er a person arrives at its destination, it then travels
the virtual link corresponding to the traveled O-D pair. This travel, however, is only commu-
nicated towards the Cadyts calibrator by injecting additional PersonDeparture, LinkLeave, and
PersonArrival events.

70.3 Simulation Results and Travel Statistics

The synthetic population of 4 M persons corresponds to approx. 8.5 % of the German population
that conducts at least one car trip per day. This yields a scaling factor of 11.8 by which all simulation
statistics need to be multiplied. The simulation produces an overall trip volume of 57.5 M trips,
quite close to 57.2 M trips in the o�cial statistics (DIW, 2014). Passenger mileage of 947 G person-
kilometers is slightly overestimated compared to 917 G person-kilometers in the o�cial statistics,
yet still reasonable.

Figure 70.2 visualizes the calibration results in a scatter plot. Each dot represents a count station
(le�) or a O-D pair (right), respectively. On average, absolute value of the relative error yields 0.18,
considering vehicle volumes at count stations and 0.16 considering O-D �ows. A median relative
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0 % Rel. Error

20 % Rel. Error
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Figure 70.2: Comparison of simulation and empirical measurements. Le�: count stations. Right:
O-D pairs.
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count station error of 0.12 indicates that there are a few count station that are signi�cantly o�. These
two issues should be noted; �rst, there is only a description of the count station’s location, which
is not always unique and may be misinterpreted by the matching algorithm. This can yield a false
assignment of count stations to network links. Second, there is no information on the count sta-
tions’ measuring error, or on temporarily capacity reductions (for instance, caused by construction
sites) modeled in the simulation network.

O-D �ows error correlates with the O-D pairs’ volumes; thus, pairs with low volume show, on
average, a higher error. This is related to this scenario and MATSim’s characteristics: a population
sample size (8.5 %) and the discrete nature of MATSim. For instance, a real-world O-D �ow with
118 individuals is represented by ten agents in the simulation. A variation during re-planning to
this O-D pairs by, say, one agent already has a signi�cant impact on the scaled real-world value.
Averaging over multiple iterations reduced the variance but does not entirely remove the e�ect.



CHAPTER 71

Hamburg Wilhelmsburg

Hubert Klüpfel and Gregor Lämmel

The following describes the evacuation of Hamburg-Wilhelmsburg as a case study. The scenario
has been created using MATSim’s evacuation contribution. Technical details about the evacuation
contribution are given in Chapter 41.

Wilhelmsburg was severely �ooded in 1962. Since then, many structural and operational
improvements have been implemented. Back then, the housing situation was rather bad, many
people lived in provisional housing due to destruction in World War II. Additionally to the by far
more stable buildings, precautions for �ooding have been taken and the walls have been height-
ened. Evacuation is nevertheless necessary under certain circumstances. The relocation of one of
the major roads in Wilhelmsburg, the B75, will also in�uence the evacuation tra�c, since it is one
of the major north-south arterial roads. In this case study, the consequences of this relocation on
the evacuation of Hamburg-Wilhelmsburg is investigated.

71.1 Brief Description

The scenario investigated here is the relocation of highway B75 in Wilhelmsburg. Two cases are
investigated, as summarized in the following table. The investigation highlights di�erences in the
evacuation tra�c for both variants of the B75 trail. As seen in Figure 71.1, the new trail “B75 new”
is located generally next to the existing railway track. In the south, the new variant is connected
to the existing highway at the junction “Hamburg Wilhelmsburg Süd” (just north of the bridge
across the river Elbe); in the north, it is connected to the existing highway just before the junction

1 Current location of B75 with restricted directional choice

2 New location of B75 with restricted locational choice

Table 71.1: Scenarios.
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Figure 71.1: The current trail of highway B75 is shown in the center of the image. The new trail is
east of it next to the railroad.

“Hamburg Georgswerder”. The main di�erences between the two variants are the location of the
access routes to highway B75 in the center of Wilhelmsburg.

71.2 Road Network

The MATSim road network is generated (“imported”) from the Hamburg OSM �le, downloaded
from http://www.geofabrik.de. Fortunately, the OSM �le already contains the new B75 highway
track, marked by an attributed “open 2016”. Therefore, the two networks for the “B75 old” and “B75
new” variants could be derived from the same OSM �le. For the variant “B75 old”, this �le could be
directly imported. For the variant “B75 new”, the section of B75 to be relocated has been removed
in a �rst step. In a second step, the new B75 track has been connected to the existing road network,
i.e., the B75 north at junction “Georgswerder” in the north and junction “Hamburg Wilhelmsburg
Süd” in the south.



Hamburg Wilhelmsburg 439

(a) (b)

Figure 71.2: Comparison between network for the old and new track of the B75.

Figure 71.3: Roads closed during evacuation.

Additionally, the on and o�-ramps to the B75 have been added. The two variants of the resulting
road network, i.e., “B75 old” and “B75 new” are shown in Figure 71.2.

In an evacuation, some roads would be blocked to avoid intersecting and inbound tra�c. The
following streets were thus deleted in the OSM �le:

• Neuenfelder Str.
• Im Schönenfelde
• Elsterweide
• Kirchdorfer Str.

An illustration is given in Figure 71.3.

71.3 Evacuation Scenario

The comparison of the two variants is based on overall evacuation time, clearing time of di�erent
cells (squares in the area that had to be evacuated) and the number of cars using the road network
(utilization).
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As described in Section 41.4, the input �les for the network (OSM), the area (ESRI shp), and the
population (ESRI shp), as well as the parameters for sample size and departure time distribution,
have been speci�ed and assessed via a GUI. The scenario XML �le for the existing (or “old”, in
German “alt”) track of highway B75 is shown in the following listing.

<?xml version="1.0" encoding="UTF -8" standalone="yes"?>

<grips_config

xsi:schemaLocation="http://www.matsim.org/files/dtd

http: // matsim.org/files/dtd/grips_config_v0 .1.xsd"

xmlns:xsi="http://www.w3.org /2001/ XMLSchema -instance">

<networkFile >

<inputFile >osm/hamburgB75_alt.osm</inputFile >

</networkFile >

<mainTrafficType >vehicular </mainTrafficType >

<evacuationAreaFile >

<inputFile >area/area.shp</inputFile >

</evacuationAreaFile >

<populationFile >

<inputFile >population/population.shp</inputFile >

</populationFile >

<outputDir >

<inputFile >matsim_output_B75alt </inputFile >

</outputDir >

<sampleSize >0.1</sampleSize >

<departureTimeDistribution >

<distribution >normal </distribution >

<sigma>1800.0 </sigma>

<mu>1800.0 </mu>

<earliest >0.0</earliest >

<latest >3600.0 </latest >

</departureTimeDistribution >

</grips_config >

71.3.1 Departure Time Distribution

The departure time distribution is speci�ed in the �le scenario.xml. The values were in seconds,
i.e., a normal distribution with a mean value (mu) and a standard deviation (sigma) of 30 minutes
in the range of zero (earliest) to one hour (latest) was chosen. More details about time distribu-
tions are discussed in Section 41.4. This distribution re�ected certain assumptions made about
evacuation procedure. The overall time frame, based on the warning time, is minimum 7 hours.
The preparation phase is projected with three hours. Available time for the evacuation is three
hours, with a one-hour bu�er. The warning via radio will start at t=0 hours and local warning
(e.g., by police cars, sirens, and via short messages) at t=1 hours; simulation reference point was set
to t=3 hours. The overall time acceptance criterion for the simulation is the a required safe evacu-
ation time (for simulation by car) of less than three hours (including reaction time). The reaction
time set in the simulation could be interpreted as decision-making time a�er readying personal be-
longings. In short: ASET (Available Safe Evacuation Time) determined by �ooding is 3 hours and
the RSET (Required Safe Egress Time) is estimated by the simulation. The criterion for a successful
evacuation is ASET > RSET.

71.3.2 Population Size

As explained previously, the population is not stored in the scenario �le, but in the population shape
�le, possibly consisting of several polygons. The number of persons is stored as an attribute for each
polygon. Here, one must assume that only part of the population would have to evacuate; for many,
escape to higher ground might be su�cient. Detailed information on the di�erent procedures can
be found at http://www.hamburg.de/sturmflut/3425646/sturmflut-download-1/ (in German).
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Figure 71.4: The initial distribution of the agents for the evacuation of Wilhelmsburg (for both
cases, B75 new and old).

Each agent represented one evacuee traveling by car. To independently check the number of
agents based on the simulation �les, one could open the �le population.dbf with a database or
spreadsheet editor. Note that the number speci�ed in the population.shp (resp. population.dbf)
is multiplied with the sampleSize when converting the �les to MATSim input, i.e., in this case, the
population.xml.gz located in the output directory.

The population is initially distributed as shown in Figure 71.4. The algorithm that converted
the area and population (i.e., area.shp and population.shp) is described in Section 41.2. It as-
signs agents to the edges of the network. In the case study, harbor areas are le� out and agents are
equally distributed to streets in the housing (and agricultural) areas of Wilhelmsburg (Figure 71.4).
Of course, this could have been further re�ned by going to a block, or even house level and assign-
ing the population according to detailed statistical housing data. This has not been undertaken for
this simulation, for two reasons. First, many assumptions are made about behavior, initial location,
and share of population that had to evacuate. Therefore, the level of detail seemed to be su�cient.
Second, each agent represented a car driver, i.e., in the simulation, all cars registered in Wilhelms-
burg le� the area. Considering that inbound, as well as through tra�c would be prohibited when
�ooding level exceeded a certain threshold, this is a “worst case” assumption resulting in a heavy
tra�c load. To summarize, the overall approach is justi�ed to assess highway B75 relocation based
on heavy tra�c load with a reaction time span between 0 and 1 hour.

71.4 Simulation Results

The simulation results are summarized in Table 71.2. The 0th iteration is based on shortest dis-
tance only. This might have resulted in “strange” behavior, as illustrated in the following Figure 71.5
(south of the bridge across the Elbe river, near the junction “Großmoordamm”). The road network
had a circular shape; it was cut out from the OSM road network according to the area.shp, which
is, in this case, just a circle. Since all the agents are taking the shortest path in iteration 0, they
headed to the nearest road out of the evacuation area. Technically, the boundary links in the net-
work are connected to a super link when creating the MATSim network from the OSM �le and the
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Figure 71.5: Results for B75 old, iteration 0.

B75 old B75 new

Iteration Time (hh:mm)

00 04:45 05:00

10 01:52 01:58

20 01:42 01:46

30 01:40 01:42

Table 71.2: Results.

area.shp. This super-link is the destination in all evacuees’ plans. A second factor that contributes
to congestion in iteration 0 is a short cut via an on- and o�-ramp of Autobahn A253 at “Großmo-
ordamm”. Capacity of the on- and o�-ramp is 1 500 cars per hour, compared to 4 000 cars per hour
on the highway. Thus, the short cut (which is shorter in distance, the reason agents chose it) was a
bottleneck, resulting in arti�cial congestion in iteration 0. Therefore, the 0th iteration was unsuit-
able for assessing the overall evacuation time. As can be seen from Table 71.2 above, for both cases,
from iteration 10 on, time presumably converges to some realistic value. This was also illustrated
in Figure 71.6 where the situation at t=1:30 hours was shown for iteration 20.

In summary, relocation of highway B75 had no major in�uence on the overall evacuation time.
The evacuation time of about two hours was also within the available safe egress time, as described
in the previous section.
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It would certainly have been possible to analyze the results further. The two screenshots above,
for the situation in iteration 0 at t=3 hours and for iteration 20 at t=1.5 hours, were created with
Senozon AG Via (the visualizer presented in Chapter 33). As a conclusion to this chapter and an
illustration for the built-in capabilities of the evacuation contribution for analyzing simulation
results, road utilizations of the two variants are shown in Figure 71.7.

Figure 71.6: Results for B75 old, iteration 20.

(a) (b)

Figure 71.7: Comparison between network utilization for the old and new track of the B75.





CHAPTER 72

Joinville

Davi Guggisberg Bicudo and Gian Ricardo Berkenbrock

Joinville Prefeitura Municipal de Joinville (PMJ) (2015) is a mid-sized industrial city in the south
of Brazil, with around 550 000 inhabitants. It has a large workforce, including commuters from
neighboring cities and an intense industrial activity pro�le, meaning that companies work o�en
in three shi�s, causing peculiar tra�c patterns. Many people also have 12-hour daily routines,
encompassing work and higher education.

The Joinville tra�c model was built as an initial step of a project to simulate the entire northeast
region of Santa Catarina state, including air tra�c, shipping, state highways and neighboring cities.
The project aims to build a complete data base of people and freight movement in the region.
The �rst version of the urban Joinville model is now complete, produced as a graduate thesis at
the Federal University of Santa Catarina (UFSC) http://ufsc.br, Transportation and Logistics
Engineering course http://transporteslogistica.joinville.ufsc.br.1

The scenario population was generated with data from the 2010 Brazilian census combined with
demographic information from the city’s travel survey; travel demand was generated from the same
survey. Both were designed to �t into the MATSim, using Tutorial classes (with some adaptations).

The network was produced with vector data provided by the local Urban Sustainable Planning
Institute of Joinville (IPPUJ) https://ippuj.joinville.sc.gov.br. The data came as a shape�le,
with numerous connectivity problems. We were able to �x them using scripts in Python with the
NetworkX module (Hagberg et al., 2008). Information was transformed from vector data into a
graph, addressing issues with the help of QGIS and �nally writing as the MATSim XML network
format. The facilities were produced from land-use data provided by the city government.

For now, the model runs only with cars, using a full sample of the population. From the avail-
able data, we inferred 135 652 agents traveling by car; the rest were removed from the simulation.
Figure 72.1 shows a screenshot of the Events using Via.

1 The authors would like to thank their sponsors Federal University of Santa Catarina (UFSC) and Urban Sustainable

Planning Institute of Joinville (IPPUJ).
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Figure 72.2 shows the comparison between simulated and count data for 20 links in the morning
peak from 7 to 8 am. The count data available for comparison is still sparse and could not be used as
e�ectively as we hoped; we know that calibration is needed for the next model versions. The good
news is that the local authorities are installing more than a hundred counting stations throughout
the city within the next couple of months and a new travel survey will be conducted this year.

Figure 72.1: Screenshot of the simulation using Via.

Figure 72.2: Count comparisons for the morning peak at 7-8 am.
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London

Joan Serras, Melanie Bosredon, Vassilis Zachariadis, Camilo
Vargas-Ruiz, Thibaut Dubernet and Mike Batty

The building of a travel demand model for London started to take shape under the EUNOIA
Project.1 The core decisions around the model design were taken a�er two meetings with TfL
(Transport for London), which was part of the Advisory Board in the project. In that respect, the
main suggestion by TfL was the adoption of an activity-based approach.

The main traits from the current implementation of the London model are listed next:

• Our baseline year is 2010.
• The geographic extent of the case study area is contained within the M25 and includes around

9,4 million inhabitants (Census 2011).
• The types of activity included in the model are: home, work, shop, education, leisure and other.
• Four travel modes have been included: walk, cycle, car and public transport. The public trans-

port mode includes buses, underground, rail, the Docklands Light Railway and the London
Overground.

• The zones of analysis for the London model are the English Census 2011 Wards which we will
refer to as wards from now on. Our case study is composed of 850 wards.

73.1 Supply

The assembly of the supply for our model includes the de�nition of the following three compo-
nents:

• road network,
• public transport services, and
• land-use con�guration

1 see http://eunoia-project.eu
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The data used to build the road network is the Integrated Transport Network from the Ordnance
Survey. The source network, which is de�ned at the navigation level, has been processed to remove
some of the detail included. Decisions on the capacity of each road link has been based on the
guidelines proposed by COBA Manual (2002)(Vol. 13),2 by the UK’s Department for Transport.
This implies the usage of each road link’s road type (Motorway or A road among others) and road
nature (single carriageway, dual carriageway or slip road among others) to set the road capacity for
each road link.

All the public transport services operating within the case study region have been obtained from
timetable data held by the National Public Transport Data Repository from 20093 . This dataset,
includes a very detailed account of all the services operating in the UK.

Finally, the land-use con�guration for the London model has been produced using the Ordnance
Survey AddressBase layer which keeps address records for all the United Kingdom with a de�nition
of land-use for each one of them. We have processed the detailed spatial information in order to
assign each address point to the nearest road link in the network; this means that a�er this process,
each link in our network will contain a number of addresses which include the land-use associated
to it. We have also mapped the wide categorization associated to each address point to the activity
types from the model: home, work, shop, education, leisure and other.

73.2 Demand

In order to de�ne the travel demand associated to London, we have followed the methodology
adopted in TRANSIMS4 . In this respect, we �rst generated a synthetic population representative
of the case study area and then, we assigned the sequence of activities to each synthetic individual.

We created our synthetic population using a simulated annealing technique based on Metropolis
et al. (1953). We have used the following two datasets: Census 2011 data for each of the 850 wards
in London and the HSAR (Household Sample of Anonymised Records) for England in 2001. This
technique is based on the selection of survey households from the HSAR which best match the
overall socio-demographics from the Census 2011 for each of the 850 wards in London. The output
of this technique includes a number of synthetic households associated to each ward and, corre-
spondingly, the synthetic individuals which cohabitate within the household with very detailed
socio-demographic information.

The assignment of each synthetic household to our network has been achieved using a proba-
bilistic distribution based on the use of home-only activity locations within each ward.

The assignment of skeletal activity patterns for each synthetic individual has been executed using
Classi�cation and Regression Tree Algorithms much like in Speckman et al. (1998). More speci�-
cally, the multivariate regression tree algorithm. This technique aims to produce clusters of survey
households whose activity patterns are similar through the use of socio-demographic data. Once
the decision tree is built, it is used to assign each synthetic household to a given survey household
through socio-demographic similarities between the two. In this case study, we have used the LTDS
(London Travel Demand Survey) 2010/11 to generate the tree.

A�er assigning the skeletal activity patterns to each synthetic individual, the next step consists
in assigning a location to each activity. In order to do this, we have used a multinomial logit choice
model. This technique allows each synthetic individual to evaluate the bene�t of performing a
speci�c activity at a particular destination as a composite value based on objective metrics asso-
ciated with this destination (e.g., number of relevant addresses), objective metrics associated with

2 retrieved from https://www.gov.uk/government/publications/coba-11-user-manual
3 see http://data.gov.uk/dataset/nptdr
4 We used v3.1, corresponding to that developed in Los Alamos National Laboratory.
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traveling from origin to destination (e.g., travel time) and subjective components following a prob-
ability distribution. The area units being considered in London have been the wards again. And,
in this respect, the attractiveness of each ward has been quanti�ed by the number of addresses for
each activity type, and the accessibility throughout the region as the travel time across all wards
using the crow-�y distances and the average speed for each travel mode in the case study. The cali-
bration for each travel mode and activity type pair has been performed, and those parameters have
been used to calculate the new activity locations for each synthetic agent.

73.3 Calibration and Validation

In terms of the calibration, the multinomial logit choice model applied described in the previ-
ous section could also be included here. On top of this, activity-related time values have been
set in MATSim’s con�guration �le using typical duration values observed from the LTDS dataset.
Finally, the parameter values set by default in MATSim taking have also been adopted here. This is
a limitation as the modal split currently in place is the one provided by the MATSim corresponding
module. The related parameters should be �rst adjusted so that the observed modal share is similar
across modes to the observed modal shares.

In terms of the validation, tra�c counts from around 600 sensors have been made available to us
for London. We hold values for the AM peak (8-9 am), the inter-peak (9 am-5 pm) and the PM peak
(5-6 pm). The former and the latter are hourly counts; the inter-peak is an average value. Those
counts are organized into so-called cordons (3) and screenlines (3). Comparisons are currently in
place and we are still not in a position to evaluate in detail how the model validates to the observed
data.

73.4 More Information

More detailed information on the building of the model including some results from each module
previously described can be found at: http://eunoia-project.eu/publications/ (Report on Case
Study 1: London).

Figure 73.1: Snapshot of the road network for London’s case study colored by road type (le�) and
map showing number of bus trips per road segment in London using timetable data (right).
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Figure 73.2: Visual estimate of activities performed in London at 9 am using the Via so�ware.



CHAPTER 74

Nelson Mandela Bay

Johan W. Joubert

The Nelson Mandela Bay metropolitan area is in the Eastern Cape province of South Africa
and includes the cities of Port Elizabeth and Uitenhage, with a population of approximately
1.2 million inhabitants.

The issue of complexity drove the development of a scenario for this region. We needed an area
where we could experiment with various modules and elements o�ered by MATSim, but one less
complex than the mega-city region of Gauteng. The Nelson Mandela Bay case was attractive; it still
had a substantial population, only one o�cial bus operator (Algoa Bus Company) and one pas-
senger rail operator (Metrorail). It also displayed the characteristic apartheid urban form of South
African cities and towns, where many low-income commuters lived on the outskirts of spatially
sprawled cities.

The population was, initially, generated from the 2001 census: later revised and updated to
the 2011 census data. Travel demand was inferred from the 2006 travel diary conducted in the
metro. The process of synthetic population generation is described in detail on the MATSim
https://matsim.atlassian.net/wiki/display/MATPUB/South+Africa Con�uence site. The popu-
lation was generated as entire households, using MLIPF (Multi-Level Iterative Proportional Fitting)
as published by Müller and Axhausen (2012). Households were also assigned to buildings, based
on census description.

This was the �rst South African scenario to include private cars, freight and detailed public
transport. The unique minibus taxis, a form of paratransit in South Africa and many develop-
ing countries, were incorporated in the Nelson Mandela Bay area and reported in Röder (2013)
and Neumann et al. (2015).
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CHAPTER 75

New York City

Christoph Dobler

The MATSim New York model was an example of an agent-based model based on a given activity-
based demand generation process outcome: in this case, the NYBPM (New York Best Practice
Model) of Parson Brinkerho� (Vovsha et al., 2002; Parsons Brinckerho�, 2005, 2009). It produced
persons with individual activity chains; MATSim was chosen as the simulation-based alternative
to conventional assignment processes.

Activity locations were selected on zonal level (3 824 zones), timings (i.e., start time and
duration) were chosen using given distributions. As part of the conversion process to MATSim,
locations were distributed within the zones, according to land use and buildings. For the route
assignment, transport modes were converted into those supported by MATSim. The resulting
population contained 5.3 million persons (25 % sample).

A multimodal network was created, containing car and public transport links, for the MATSim
model. Car links were derived from the aggregated model network data, including capacity, num-
ber of lanes and speed limits. For the public transport network, a shape �le containing every
lines’ routes was available. A�er converting and cleaning the data, the �nal multimodal network
contained 498 000 nodes and 541 000 links. Based on further public transport-related data, a full
schedule was created, including di�erent public transport modes (bus, train, etc.).

An example for �nal model outcomes was shown in Figure 75.1 and Figure 75.2, depicting the car
share of all performed trips within a region. Red indicated a high share, blue a low. In Figure 75.1,
trips were aggregated on zonal level. In Figure 75.2, the MATSim model high resolution is shown;
there, the trips were aggregated using hexagons with a side length of 500 meters instead of a zonal
level.

Finally, Figure 75.3 shows tra�c �ows in Lower Manhattan. Cars were represented by rectan-
gulars, public transport vehicles by arrows. Further model outcomes were presented by Balmer
(2014). An online movie can be found at http://senozon.com/news/2014-05/z%C3%BCrich-meets-
new-york
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Figure 75.1: Car share (entire modeled area).

Figure 75.2: Car share (Manhattan).
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Figure 75.3: Tra�c �ows in Lower Manhattan.





CHAPTER 76

Padang

Gregor Lämmel

The Padang scenario demonstrates the MATSim application to large-scale evacuation problems.
The scenario has been created as part of the third party funded project “Last-Mile”. Taubenböck
et al. (2013) give a comprehensive overview. Padang is located on the west coast of Sumatra Island,
Indonesia. In 2014, the city had a population of about 1 000 000 people. Because of its problem-
atic location on the coast in a so-called “seismically locked” area (McCloskey et al., 2010), Padang
is prone to earthquakes and subsequent tsunamis. In the “Last-Mile” project, a realistic tsunami
scenario, triggered by an earthquake about 300 km o� the coast, was identi�ed (Goseberg and
Schlurmann, 2009). The assumed tsunami would leave about 30 minutes for the evacuation. The
�ooding would reach as far as three kilometers inland, thus threatening up to 330 000 lives. Lämmel
(2011) developed a MATSim scenario representing the city with its a�ected population. One
unusual aspect of the Padang situation is the expected universal evacuation by foot; simulating
pedestrians with MATSim was a novelty when this project started. The standard simulation model
(see, e.g., Section 1.3) was thus adapted to deal with pedestrians. Details are discussed by Lämmel
et al. (2009). Another important variation, contrary to most standard transport scenarios, is that
network links would �ood once the tsunami reached them. Thus, accessibility—�ooded or not
�ooded—of the network links is time-dependent, which is modeled by a time-dependent network
(Lämmel et al., 2010). In the time-dependent network concept, link attributes—like freespeed—
can be changed, while the simulation is running, by precomputed network change events. For
the Padang scenario, the network change events have been extracted from microscopic �ooding
simulation data.

Key Padang scenario facts:

• The network consists of about 6 000 nodes and 17 000 links.
• Synthetic populations for morning, a�ernoon, and night have been created, containing up to

330 000 agents.
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Figure 76.1: Evacuation time analysis for downtown Padang. Numbers showing average evacua-
tion time in minutes, which are also indicated by the colors green, yellow, red.

• The �ooding is modeled by a set of 109 network change events (one per minute), a�ecting
7 609 links.

• A set of 42 shelter buildings, which could be used for vertical evacuation, is also part of the
scenario.

Based on the Padang scenario, various evacuation strategies have been investigated:

• A seemingly obvious evacuation strategy is the shortest path solution, where everyone is on
the shortest path. This solution, however, ignores possible congestion and lead to unfeasible
results.

• Shorter evacuation times are achieved with a Nash equilibrium approach, where everyone tries
to �nd an optimal evacuation route through iterative learning (Lämmel et al., 2009).

• While the Nash equilibrium reduces individual evacuation time, total evacuation time might
not be minimal. The marginal social cost-based simulation approach tries to minimize the total
evacuation time (Lämmel and Flötteröd, 2009; Dressler et al., 2011).

• These three basic evacuation approaches are investigated in combination with �ooding
(Lämmel et al., 2010; Lämmel, 2011).

• Further, an evacuation strategy to reduce the exposure to risk has been developed by Lämmel
et al. (2011).

• And �nally, Flötteröd and Lämmel (2010) propose a method to integrate shelter buildings,
which are evacuation sinks (i.e., safe places) with limited capacity, into the simulation.



CHAPTER 77

Patna

Amit Agarwal

Patna is a medium-size city in eastern India. As in other developing nations, tra�c conditions are
heterogeneous, composed of: a large number of bikes (37 %, including 4 % cycle rickshaws) and
motorbikes (14 %). When this scenario was composed, public transport accounted for 18 % and
walk for 29 %; only 2 % of all trips were made by car. Therefore, the MATSim queue simulation
was modi�ed to simulate travel demand under mixed tra�c conditions (Agarwal et al., 2015b).

A detailed Patna scenario description can be found in Agarwal et al. (2013). The scenario was
created using household survey data from a comprehensive Patna mobility plan (TRIPP et al.,
2009), using the area within the Patna Municipal Corporation. The scenario consisted of 72 zones,
with a population of about 1.57 million (year 2008). MATSim demand was generated using trip
diaries, with car, motorbike and bike used as main congested modes (Figure 77.1). PCU (Passenger
Car Unit) factors for di�erent vehicle types were derived using e�ective area occupied by vehicles.
The e�ective area occupied by a vehicle is calculated, and the ratio of area occupied by this vehicle
to the area occupied by a passenger car is taken as PCU factor for the respective vehicle. To allow
overtaking of slower vehicles (bike), by faster vehicles (car and motorbike), pre-existing, state-of-
the-art FIFO queue simulation was overridden, using earliest link exit time as shown in Figure 77.2.
Tra�c behavior in modi�ed queue simulation was then analyzed by plotting fundamental diagrams
and space time trajectories for car, motorbike and bike (Agarwal et al., 2015b).

To address some special factors of Patna’s travel time distributions, MATSim utility function
was calibrated so that a mode share from real world data was replicated in the model, performed
by allowing agents to switch modes. The model was validated using tra�c count data and modal
travel time distributions. The model’s main shortcoming seemed to be overly short average travel
times for motorbikes. Although no speci�c experiment was performed to analyze computational
performance, no noticeable loss of performance was found during simulations. Thus, the model
seems to be useful for many areas where mixed tra�c conditions predominate.
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Figure 77.1: Patna: Various vehicles on network, car in red, motorbike in blue and bike in green.

Time (t) = 0 Time (t) = 1 min Time (t) = 4 min

FIFO approach

Earliest link exit

time approach

Car, earliest link exit time = 1 min

Bike, earliest link exit time = 4 min

Figure 77.2: Patna: FIFO approach and passing of bicycle by car on a link (not to scale).



CHAPTER 78

The Philippines: Agent-Based Transport Simulation
Model for Disaster Response Vehicles

Elvira B. Yaneza

This study’s primary aim was adapting an agent-based tra�c simulation model to assist planning
agencies in determining road tra�c routes for DRVs (Disaster Response Vehicles) in crises or dis-
asters. A�er the initial disaster event period, road network management is crucial for disaster
response operations, which must cope with travel demand increase. Depending on level of road
damage, sections of the the road network may close. The degraded DRVs road tra�c routes will
result in longer travel times.

The model was developed using an agent-based simulation modeling paradigm implemented
through MATSim. Road tra�c routes were generated using Dijkstra’s shortest path algorithm.
MATSim output �les stored each agent’s routes, which represented tra�c routes for DRVs; here,
each route’s calculated travel time was equivalent to each agent’s running time (in actual motion,
while using shortest paths from source to destination).

78.1 Literature Review

Road tra�c routing studies generally use di�erent modeling approaches and shortest path
algorithms. In studies using modeling, Lefebvre and Balmer (2007) used MATSim for large-
scale agent-based transport simulation, also investigating variations of Dijkstra’s algorithm and
A*-algorithm. Sumalee and Kurauchi (2006) used the Monte-Carlo simulation approach to approx-
imate network capacity reliability, then evaluated tra�c regulation policy performance, using the
Kobe city (Japan) road network. Teknomo (2008) multi-agent simulation modeling approach con-
sidered route probability as a direct simulation output, rather than input, to the network. Sanders
and Schultes (2017) outlined algorithms with faster run times than Dijkstra’s algorithm for trans-
portation network route planning. Their study focused on successful speedup techniques in static
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road networks with �xed edge cost. Elalouf (2012) model incorporated joint analysis of expected
route time and its variance, using dynamic-programming, shortest path algorithm as a basis for a
fully polynomial time approximation scheme.

78.2 Design Details and Speci�cations

Element 1: Study Area During Tropical Storm Washi (Sendong), areas most a�ected areas were
those near the Cagayan de Oro river (Ramos, 2011). Landslides near river banks, �ash �oods, as
well as the over�owing river and its tributaries, caused some barangays (barrios)—already dam-
aged by Tropical Depression Shanshan (Crising)—to be swept away (Del Rosario, 2011). The �ve
most a�ected major bridges cross along the Cagayan de Oro River, connecting its two main areas,
District 1 (west) and District 2 (east), in Misamis Oriental province (see Figure 78.1). The desig-
nated road network coverage has a total area of approximately 73.2 square kilometers, including
the riverside (see Figure 78.2).

Element 2: RoadNetwork and Facilities The model involved three main entities: road network,
facilities and population and is described by two variables: nodes and links. It used graphical rep-
resentation and had 3 847 nodes and 9 630 directed links (see Figure 78.3). A speci�c stretch of
street consisted of nodes and links, representing intersections and street sections, respectively.
MATSim handles only one-way links; in this model, one-way attribute had a default value of 1 and
modes attribute were assigned only as car. Facilities were represented by their geographical coordi-
nate locations in the network, which involved 21 entities from the following agencies: 10 hospitals
with ambulance services, 3 �re stations, 8 police stations and 2 evacuation centers. Facilities were
mapped on nearest road network links.

Element 3: Population and Demand Generation The population was classi�ed into di�erent
types of DRVs, representing major agents in the tra�c simulation model: ambulances, �re trucks
and police cars. The hospitals, �re stations and police stations were assigned as agents’ origins,

Figure 78.1: Cagayan de Oro City, Philippines urban road network.
Source: GIS City Planning O�ce, 2012
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Figure 78.2: Spatial coverage of road network and locations of facilities in the network: it has
73.2 square kilometers including land and surrounding river and coastal areas. The facilities
are mapped based on its actual geographical x and y coordinates in the road network. There are
23 facilities located in its nearest link in the network. These are: 10 hospitals, three �re stations,
eight police stations and two evacuation centers.
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Figure 78.3: Nodes and links representation: Road Network has 3 837 nodes representing road
intersections and 9 630 links representing the streets. It includes �ve major bridges along Cagayan
River: (A) Kauswagan-Puntod Bridge, (B) Maharlika Bridge (formerly known as Marcos Bridge),
(C) Gov. Ysalina Bridge (formerly known as Carmen Bridge), (D) Kagay-an Bridge (Rotunda
Bridge) and (E) Emmanuel Pelaez Bridge.

where vehicles start and end their activities; evacuation centers were assigned as agent destinations.
Population was characterized by four variables: person, plan, act and leg. The leg variable used a
mode de�ning vehicle type, assigned as car. The model advanced by performing tra�c routing
activities. Each tra�c routing activity, seven events, was processed in the following sequence: end
activity event, agent departure event, wait to link event, enter link event, leave link event, agent
arrival event and start activity event. The end activity event prompted the agent to depart from the
origin facility and begin again in the same �ow of events.
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Figure 78.4: Screenshot of SCENARIO 1 (without bridge closures) using agent ID#4. DRVs trip
starting from the Sabal Hospital (Origin) passing Carmen Bridge (Gov. Ysalina Bridge) going to
Balulang Evacuation Center dropping point (destination) then back to its origin.

78.3 Model Scenarios

The simulation model was applied to the network of Cagayan de Oro City in Philippines. Two
scenarios were assumed.

Scenario 1: No Bridge Closures The scenario was based on disaster response operations right
a�er the disaster occurred; operations took place in Cagayan de Oro City. The scenario had two
evacuation centers identi�ed, (1) Balulang Elementary School Evacuation Area, located at the west
side of Cagayan de Oro and (2) Burgos Barangay Hall Area, located on the east side of the city.
The road network had 21 facilities as agents’ origins, with 3 to 4 DRVs in each, dividing the net-
work into 2 di�erent evacuation centers. A total of 67 DRVs joined operations over time, as well
as 50 additional vehicles from private institutions, traveling on their own rescue operations with
di�erent origins and destinations. No road obstructions were considered; tra�c could access all
�ve bridges de�ned in the network (see Figure 78.4). During the simulation run, DRVs were ex-
pected to cross the nearest bridge on their trips to destinations or evacuation areas: thus, using
only shortest time traveled routes.

Scenario 2:With Bridge Closures In this scenario, road obstructions were represented as bridge
closures in the network. The link IDs of bridges expected to close were required in data needed
to run the java class for road closure generation. In the experiment performed, the link IDs for
three bridges were entered; Carmen Bridge, Rotunda Bridge and Marcos Bridge. The same two
evacuation areas and ��y additional vehicles were considered in the experiment and this time, only
three bridges constituted road obstructions. The DRVs and other vehicles were expected to cross
only the two remaining bridges (not included in the road closure generation): Taguanao Bridge and
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Figure 78.5: Screenshot of SCENARIO 2 (with bridge closures) using agent ID#48. DRVs trip
starting from the Sabal Hospital (Origin) passing Kauswagan-Puntod Bridge going to Balulang
Evacuation Center dropping point (destination) then back to its origin.

Kauswagan-Puntod Bridge. Expected vehicle �ow occurred, as seen during visualization output;
see Figure 78.5.

78.4 Validation

Face Validation from Field Experts The goal was to verify and validate whether the simulation
model reasonably represented the real-world system and its conformance to design and operational
behavior speci�cations. Four domain experts were invited from the �elds of: tra�c engineer-
ing, computing, planning and management for face validation. Two evaluators were invited from
the academy; one was a transportation engineering and built-environment specialist, the other a
computer scientist. The other two evaluators were from local government units: one handled man-
agement and administration as a technical supervisor from the Road and Tra�c Administration
O�ce and the second was a planning coordinator with the Cagayan de Oro City Planning O�ce.
Whether accepting or rejecting, the �eld experts evaluated the simulation model based on their ar-
eas of expertise. Generally, the four evaluators veri�ed and accepted the simulation model design
speci�cations, as well as validating and accepting its operational behavior.
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Travel Time Validation Using Test Car Technique and Simulation Model Results When the
plans �le was scrutinized, from both scenarios, calculated travel time resulting from the simulation
was actually equal to the running time when the vehicle was in motion. Running time was com-
puted as equal to the di�erence between travel time and stopped time delay. Actual measurement
of travel time and delay, using test car technique (Sigua, 2008) and travel time, using the simula-
tion model, were compared. Delay time was the time lost by tra�c due to tra�c friction, tra�c
control devices and geometric designs. The actual running time computed was only 36 % of ac-
tual total travel time measured, due to of travel time delay. The di�erence between actual running
time computed and running time from the simulation model was mostly caused by vehicle speed
ranges.

78.5 Achieved Results

Scenario 1: NoBridgeClosures Based on the generated events �le, there were 667 directed links
used by agents representing the DRVs, about 6.9 % of the total 9 630 directed links in the network.
The events �le stored all activities of 117 agents, 67 agents represented the DRVs and 50 agents rep-
resented the other vehicles. Finally, when no bridge obstruction occurred, the DRVs coming from
86 % of the entities crossed the Carmen Bridge. For faster road tra�c access, it was suggested that
the Carmen Bridge be restricted to DRVs during disaster response, together with the 667 directed
links.

Scenario 2: With Bridge Closures Results showed that there were 841 directed links used by
agents representing the DRVs, about 8.7 % of the total 9 630 directed links in the network. Note
that three bridges (i.e., Marcos Bridge, Carmen Bridge and Rotunda Bridge) were considered for
road closures. DRVs originated from 90 % of entities who crossed Kauswagan-Puntod Bridge. It
was thus suggested that this bridge, and the 841 directed links, would be in the running when
restricting routes for exclusive use of DRVs.

78.6 Conclusions

This study showed that the simulation model reasonably represented of the real-world system, as
veri�ed and validated by the four �eld domain experts and results con�rmed the exclusive tra�c
routing system through the shortest path routes generated by Dijkstra’s algorithm. The results were
useful tools for tra�c management decision-makers when determining tra�c routes for exclusive
use of disaster response vehicles.
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CHAPTER 79

Poznan

Michal Maciejewski and Waldemar Walerjanczyk

At the time of the initial scenario, Poznan (population of over 550 000), was the ��h largest city
in Poland; together with the neighboring suburban area, it made up an agglomeration inhabited
by nearly one million people. The MATSim scenario development for the Poznan agglomeration
began in 2012, and the model has been continuously extended and improved. Currently, it is a 24-
hour microscopic model of private transport, with a goal of creating a 24-hour, multi-agent activity-
based simulation of the Poznan agglomeration, combining both private and public transport.

The road network model was extracted from OSM and included all roads and link roads (such as
entrances or exits from motorways). The �nal result was a high-detail road network model consist-
ing of 17 026 nodes and 40 129 links. This model was calibrated to determine tra�c �ow parameters
for links (e.g., �ow capacity, storage capacity, free-�ow speed) for each of the 13 modeled road
classes (Piatkowski and Maciejewski, 2012).

The travel demand model was derived from the o�cial trip-based 4-stage model used by the
Poznan city planning department; this model dates back to 2000, but has been frequently updated
since then. Since the o�cial model was originally designed for morning and a�ernoon peak hours,
it had to be extended to describe travel demand throughout the day, hour a�er hour. As a result,
demand for private transport is represented by 24 sets of hourly O-D matrices, each set consisting
of nine di�erent matrices, one for each of nine travel motivations, namely home → work/edu-
cation/shopping/other, work/education/shopping/other → home, and not related to home. This
adds up to 216 O-D matrices (Piatkowski et al., 2014; Maciejewski et al., 2014).

The o�cial model divided the agglomeration into less than 400 zones, insu�cient for activ-
ity locations to be accurately modeled at the microscopic level. To increase accuracy, OSM land
use data was used. Six types of land use—residential, industrial, green, commercial, schools and
unclassi�ed—were used to subdivide zones into homogenous subzones. As a result, home activi-
ties were located in residential subzones, education activities at schools, shopping in residential or
commercial subzones, and so on. Figure 79.1 illustrates the distribution of home locations when
land use was taken into account Piatkowski and Maciejewski (2013).
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Figure 79.1: Distribution of home activities based on land use.

Figure 79.2: Road tra�c in the Poznan agglomeration at 7 am.
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Having calculated the O-D matrices for private transport and subdivided the area into homoge-
nous subzones, the next step was to generate agents population. In the �rst attempt, it was assumed
that each agent performed only one trip, so the number of agents equaled the demand represented
by the O-D matrices, which was almost 840 000. Departure times were randomly distributed (uni-
form distribution) over each hour, and therefore, the only decision made by each agent during the
replanning phase concerned the route choice for the preselected pair of locations. The whole sim-
ulation consisted of 120 iterations, yet it usually takes about 60 iterations to achieve a relaxed state.
Figure 79.2 shows the state of tra�c at 7 am.

Currently, the model is being updated according to a comprehensive travel study carried out
in 2014. At the same time, the public transport system is being added, allowing for simulation of
both private and public transport. The Poznan model has been used for simulation of real-time
electric taxi dispatching, done through the DVRP contribution (see Chapter 23).





CHAPTER 80

Quito Metropolitan District

Rolando Armas and Hernán Aguirre

DMQ (Quito Metropolitan District, Ecuador) has grown rapidly in recent years, with increasing
tra�c congestion, gas emissions, pollution and energy use. Our research integrated evolution-
ary computation, tra�c simulation, emission models and data mining tools to gain a better
understanding of DMQ’s complex mobility and transportation system and propose sustainable
solutions.

As a �rst case study (Armas et al., 2014), we implemented a mobility scenario to optimize tra�c
lights under congested conditions. We focused on the DMQ’s business district, an area covering
7x3 square kilometers, as shown in Figure 80.1. The area included only the primary and secondary
pathways, where free speeds ranged from 30 to 80 kilometers per hour. The network had approx-
imately 1 000 links and was derived from Geofabrik and OSM. 20 000 agents were simulated, each
with a mobility plan consisting of three main trips: (1) home to work, (2) work to leisure and
(3) leisure to home (see Figure 80.2). The plans were designed so that all agents moved �rst from
south to north, completely crossing the geographical area of study. In their second trip, the agents
moved from north to the central zone of the area under study and in their last trip, from the cen-
tral zone to the south. Eleven signal lights were located on a main two-way street with �ows in
south-north and north-south directions (see Figure 80.1).

The evolutionary algorithm (the SOP (Signal Optimizer)) together with MATSim found opti-
mal signal settings of the DMQ scenario, minimizing average travel time. First, we ran MATSim
for 500 iterations, to ensure it reached a user equilibrium state without setting any tra�c signals.
A�er that, the SOP evolved a candidate solution population for a number of generations. Each
solution represented a con�guration of signals (signal control) for the transportation system. At
each generation, the SOP called MATSim for each candidate solution to evaluate it. MATSim
started from the equilibrium state, setting its signals controls with the tentative solution provided
by the SOP and ran one additional iteration. This iteration’s output was used to calculate travel
time, which converted and feed back to the SOP as the �tness value. Figure 80.2 illustrates the
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Figure 80.1: Study area.

Figure 80.2: Optimization system.

interaction of MATSim and the SOP. The �rst case study (Armas et al., 2014) provided valuable
insights into optimal tra�c light setting in the business district of DMQ under congested condi-
tions. This allowed us to validate problem representation used in the SOP and e�ectiveness of the
mutation and recombination operators implemented to search solutions.
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Currently, we are scaling up the number of tra�c signals to be optimized and testing other
mobility scenarios in the same area of study. Our next step is to incorporate an emissions model and
use multi-objective evolutionary algorithms (Aguirre et al., 2013) to evolve optimal transportation
and mobility system designs of the DMQ, satisfying multiple criteria for sustainability. These cri-
teria include transportation and mobility policies, accessibility, reduction of emissions, reduction
of energy use, as well as social and economic bene�t.





CHAPTER 81

Rotterdam: Revenue Management in Public
Transportation with Smart-Card Data Enabled

Agent-Based Simulations

Paul Bouman and Milan Lovric

In Lovric et al. (2013) and Bouman et al. (2012), we proposed two scenarios for studying public
transportation revenue management via time-based pricing strategies, like peak markups and o�-
peak discounts, currently being used by various transit agencies. To evaluate this approach, we
developed agent-based simulations using MATSim and a transportation demand generated from
smart-card data collected in a Dutch urban area. In the �rst scenario, we simulated only a metro
network, while in the second scenario we considered a multimodal network, consisting of metro,
tram and bus.1

In Lovric et al. (2013), we designed and implemented a decision support system for sustainable
revenue management to evaluate the impact of various revenue management strategies on eco-
nomic, social, and environmental performance. Figure 81.1 shows the decision support system
structure built on top of the MATSim framework. Smart card transactions (individual check-in
and check-out transactions made at stations’ entrance and exit gates) were used to reconstruct
individual passenger’s daily tours. These were inputted into MATSim as initial demand; infor-
mation about the transit network and vehicle schedule was extracted from the OSM data and
the public transit operator’s web site, respectively. Revenue management experiments were then

1 This research was conducted at Rotterdam School of Management and supported by Netherlands Organisation for

Scientific Research (NWO) Complexity Grant No. 645.000.001 awarded to Dr. Ting Li and Prof.mr.dr. Peter Vervest

from Rotterdam School of Management. It was presented at MATSim User Meetings in 2011 and 2012, INFORMS

International 2012 Beijing, the 7th Workshop on Agents in Traffic and Transportation at AAMAS 2012 Valencia,

Erasmus University Rotterdam, Berlin Institute of Technology, Tsinghua University and Beijing Jiaotong University.
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2

Figure 81.1: Rotterdam scenario: Decision support system for sustainable revenue management
in public transportation.

conducted by applying various time-based pricing strategies de�ned as percentage-wise discounts
or markups (applied on top of the nominal price) during speci�c periods of the day.

MATSim’s loop (Section 1.2) was adapted for studying time-based pricing. First, an event handler
was created to calculate whole daily tour travel fare for each individual (this was implemented
using the real-life pricing scheme: a �xed fee applied at check-in, plus a variable distance-based fee
applied at check-out). Second, we adapted the original Charypar-Nagel scoring function (Charypar
and Nagel, 2005), by adding travel fare disutility. The existing MATSim’s time mutator was used as
a replanning strategy, allowing passengers to discover more a�ordable travel times when pricing
strategies were enforced (however, a trade-o� was introduced by applying a penalty for arriving
outside the expected arrival window, based on the observed smart card data check-out times).

To capture revenue management impact on the three sustainability dimensions, we added event
handlers to produce a number of relevant KPIs (Key Performance Indicators). The economic per-
formance was measured by PTO (Public Transit Operator), passenger kilometers revenue and
vehicle load factors. Social performance was measured by seat availability (a proxy for passenger
comfort), calculated from vehicle loadings a�er the mobility simulation. We also looked at aver-
age tour price as the measure of public transportation a�ordability. Impact of a pricing policy on
the environment was expressed as the change in carbon footprint occurring through a demand
shi� between public transportation and private cars (calculated from average tour price change
and demand elasticity).

Our results showed that, by using a smart-card enabled decision support system and taking
a customer-centric view, PTOs can better explore feasible solutions in a broader policy-making
context that includes three dimensions of people-pro�t-planet sustainability. We validated our
approach by comparing the simulation-generated travel fares in the nominal scenario with actual
fares recorded in the smart card transactional database (see Lovric et al., 2013).
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To further study smart card data opportunities in demand generation, Bouman et al. (2012), we
introduced a pattern-based demand generation method using three di�erent modalities’ (metro,
tram and bus) smart card transactions in a Netherlands urban area as input. In addition to
using single day observations to generate activity-based demand, daily commuting patterns
detected from longitudinal observations for a single smart card were generated. In this study,
generated demands were utilized to analyze time-shi�ing behavior under two di�erent revenue
management policies: a plain tari� (with a �xed price per journey and a price per unit of traveled
distance) and an o�-peak discount. The experiment was repeated for di�erent levels of pattern-
based demand, where the varied parameter was the number of observed samples required for a
smart card to be included.

In generated demand, agents not generated using pattern-based demand had to replicate their
observed tour or trip within 15 minute windows of observed arrival and departure times. Pattern-
based agents had time windows dependent on observed standard deviations in passengers’ actual
commuting travel patterns, which were used as a proxy for their time �exibility. This aspect of
demand modeling was more detailed than Lovric et al. (2013), where agents were assumed to be
homogeneous about their time �exibility. This �exibility was exploited by the time shi� mutator,
made available in MATSim as one of the replanning strategies. In future work, improvements in
scoring function and use of more sophisticated pattern-based demand generation approach must
be considered to create more realistic scenarios for a study of time-shi�ing behavior under revenue
management policies.





CHAPTER 82

Samara

Oleg Saprykin, Olga Saprykina and Tatyana Mikheeva

82.1 Study Area

Samara is a major Russian city, regional capital of the Samara region, situated on the le� bank of the
Volga River between the mouths of the Samara and Sok rivers. The area is 466 square kilometers,
made up of nine administrative districts, with a city population of 1 172 348 people (year 2014).
There are more than 2.7 million people living within the city agglomeration (GKS, 2010).

Personal and public transportation are developed to varying degrees in Samara city. Auto-
mobilization of the population is 286 vehicles per 1 000 people (year 2014) (Gradoteka, 2015).
Public transport consists of trams, buses, trolleybuses and subway. Transit of freight through the
city is prohibited.

Samara is a major economic, transport, scienti�c, educational and cultural center. However, de-
spite this, the city’s street and road network is insu�ciently developed, leading to the following
problems.

• The street and road network has only two highways, which are connected by narrow streets;
there are no transverse highways, resulting in tra�c congestion. According to research from the
Yandex company, Samara city was in fourth place for number of tra�c jams in Russian cities
(Yandex Company, 2013).

• Lack of su�cient parking areas leads to parking along city roads, creating additional tra�c
congestion.

• Active construction development in 2000, characterized by absence of an overall city building
strategy, led to obvious violations in transport planning and signi�cantly degraded transport
infrastructure quality.

• Samara is located opposite the Samarskay Luka National Park, a region of unique natural beauty,
but a destination for a huge number of summer weekend recreational trips, leading to uneven
tra�c �ow distribution in the region.
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In addition to these problems, Samara city is currently attempting to move toward more
sustainable development, which raises new challenges:

• rapid growth of residential development within the city boundaries requires transport infras-
tructure modi�cation,

• formation of new neighborhoods and new cottage villages within the urban agglomeration
involves the construction of new roads, bridges and interchanges,

• hosting the FIFA-2018 World Cup requires tra�c management organization in the downtown,
stadium and festival/fans areas.

These issues and developments require street and road network modernization, impossible
without tra�c �ow simulation modeling to support the projects.

82.2 Transport Demand

Population residence coordinates were taken from anonymized city population spatial distribution
information provided by the National Population Census 2010 (GKS, 2010). Place of employment
coordinates about Samara region companies and organizations were based on data from address
directories.

Statistic package R was used for O-D matrices calculation; initial data relied on collected infor-
mation about population distribution and employment locations. The estimation of O-D matrices
was performed by the entropy model using the Shelehovsky-Shtskiy balance method (Nurminski
et al., 2014; Autodor, 2013; Shvetsov, 2003). This approach is applicable for estimation of the O-D
matrices values in case worker, business or recreation trips for private vehicles or freight transport.
The O-D matrix was then obtained, which showed number of agents moving from one transport
zone to another.

Activity chains were calculated for de�ne path of each MATSim agent. Activity chains calcu-
lation was performed by a custom-developed method, using the author’s algorithm described in
Saprykina and T. Mikheeva (2012). Activity chains calculation uses O-D matrices as source data
and resulting data was kept in the plans �le and used in MATSim.

82.3 Transport Supply

As shown in Figure 82.1, the road network was extracted from OSM and saved to the MATSim
network format, using the NetworkEditor module presented in Chapter 10. Detailed veri�cation of
the obtained network model revealed that some roads have incorrect number of lanes, requiring the
writing of a utility that semi-automatically allowed for adjustment of the street and road network
model according to the actual transportation planning scheme. Minor model inaccuracies were
corrected manually in the NetworkEditor. The �nal network model consists of 4 365 nodes and
11 178 links.

The network model should contain transport infrastructure elements for adequate transporta-
tion planning re�ection. The model takes into account certain tra�c signs: speed limit, tra�c lanes,
movement on the interceptions and “no entry”. Addition of tra�c lights to the model is under de-
velopment now. At this point, tra�c light regulation schemes at speci�c intersections have been
developed; work on their integration into the general city model is underway.

Transport simulation was performed only for private vehicles; Inclusion of public transport to the
model is in process. Bicycle paths are still poorly developed in the city; therefore, their simulation
is ow-priority.
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Figure 82.1: The transport network extraction process.

82.4 Calibration and Validation

For calibration purposes, information about tra�c �ows at all intersections of Krasnoglinskoye
highway and Voljskoe highway, as well as the intersections of central (historical) part of the city,
was used. Tra�c �ow intensity data was received for the period from 19th to 24th of May 2009.
Source data required pre-processing, which consisted of vehicle number alignment according to
their type and calculation of total intensity in the target area. Maximum intensity requirement was
utilized because intensity measurements were performed during “rush hours” from 8 am to 11 am
and from 4 pm to 7 pm (Mikheeva, 2008).

For transport infrastructure mode validation and veri�cation of its accuracy vs. real tra�c
conditions in the city, the following steps were completed:

• tra�c �ow parameters �eld measurements,
• data gathered from di�erent tra�c Web-services (Yandex Maps, Google Maps, etc.),
• comparative analysis of results obtained from the simulation, �eld explorations and Web-

services (Saprykina and Saprykin, 2014).

82.5 Intelligent Tra�c Analysis

The simulation results analysis is especially valuable to solve the relevant problems. With MATSim’s
tools Senozon Via (Chapter 33) and OTFVis (Chapter 34), visual analysis of the model can be per-
formed. However, a deeper understanding of the model can be achieved by applying data mining
tools to simulation results to identify hidden patterns and correlations, supplying more information
to address applied problems.

At this point, the simulation output folder contains �les with events and actual plans, containing
all actions performed by agents. For loading the data to the mathematical package R, they were
converted into .csv format through specially designed utility and MS Excel applications. Transport
infrastructure information from external sources was also imported to R as a table, containing the
coordinates and types of the object. This made it possible to process the MATSim output using all
power of the programming language R.

The search for hidden patterns was performed using the NeuralNet package installed in R. One
of the goals was �nding dependencies of tension at transport �ows’ gravity points from transport
infrastructure spatio-temporal parameters. To solve this problem, a feed-forward neural network
was used, trained by resilient back-propagation with weight backtracking algorithm. Source data
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was split into training and test sets in a 70/30 ratio. Veri�cation was carried out by the regularity
criterion (Mikheeva et al., 2012).

The study produced a trained neural network, able to predict gravity points’ tension during
changing transport infrastructure parameters. This eliminates the need to restart the simulation to
test the hypotheses for city transport infrastructure changes, allowing an overview of changes on
the �y. Figure 82.2 shows how the trained neural network displays the tension calculation process
at the intersection.

Figure 82.2: The tension calculation process by the trained neural network.



CHAPTER 83

San Francisco Bay Area: The SmartBay
Project - Connected Mobility

Alexei Pozdnoukhov, Andrew Campbell, Sidney Feygin, Mogeng Yin
and Sudatta Mohanty

83.1 Introduction

Novel mobility-as-a-service paradigm, enabled by ICT and mobile computing, is changing the
transportation landscape faster than traditional data sources, such as travel surveys, are able to
re�ect. The development of on-demand transportation, the rising popularity of car- and ride-
sharing services and the growing tendencies towards multi-modality pose new challenges for
supply side modeling. This is particularly true in the San Francisco Bay Area (California, USA)
as the in�ux of people and businesses to the city, volatility of job markets, evolving demographics
and internal migration further increase the variability of mobility patterns evolution. It is more
important than ever to be able to measure, realistically model and forecast travel demand in near
real-time. The baseline scenario of the SmartBay project spans the nine counties in the area and
is designed to extend the state-of-the-art in activity-based simulations in two respects. First, the
SmartBay’s demand model is based on the anonymized cellular network infrastructure data stream.
Second, agents’ population is connected to a social network and their scoring functions are tailored
to study the implications social in�uence exerts, particularly in mode and secondary destinations
locations choice.

83.2 The Study Area and Networks

The baseline SmartBay simulation implements a typical working day scenario within the nine San
Francisco Bay area counties. As of 2015, total area population is 7.5 M people, with an estimated
3.4 M commuters, of whom 350 K use public transport as their only commute mode. Driving is
the major mode for home to work trips, with 75 % of trips made by a driver alone. While average
commute duration is estimated to be 28 minutes, severe congestion at peak hours is widespread.
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(a) (b)

Figure 83.1: The geographical extent of the SmartBay simulation (le�) and a close-up view on the
multimodal network spanning San Francisco-Oakland area (right).

The road network used in the scenario consists of a total of 96 000 links, with a mix of freeways, state
routes, all major arterial and countryside roads. Road network geometries were extracted from the
OSM data: then veri�ed and augmented with the speed limits, capacities and number of lanes. The
network was extended with all major public transit lines available through GTFS, provided by the
respective agencies. There are 9 major bus agencies, several minor bus line operators, a light rail
system, and commuter trains. The major rapid rail carrier is a Bay Area Rapid Transit system that
serves 400 K daily trips over four inter-connected lines. GTFS includes schedules and capacities of
transit vehicles.

83.3 Population and Demand Generation

There are 1454 TAZs in the area developed by the MTC (Metropolitan Transportation Commis-
sion), used as origin and destination units of a demand model developed and supported by the
MTC, as well as for population and workplace projections made on a regular basis for di�erent
time horizons. The MTC model adopts the activity-based approach, with a tour-trip hierarchy of
mandatory (home, work, school trips) and secondary trips, with the respective mode choices, com-
position of tours and departure times governed by a rich set of discrete choice models calibrated
from recent California Household Travel Survey data (CHTS, 2010-2012) and inherited from other
California agencies’ relevant studies.

SmartBay scenarios use the anonymized cell phone data logs to adjust MTC demand models.
Cell phone data are routinely collected and managed by AT&T Inc., the second largest nationwide
telecom operator in the United States with 120 M users nationwide (which translates to a sample
size of more than 1 M commuters in the SF Bay Area). Data used for mobility modeling originates
from anonymized CDRs, recorded at the spatial resolution of the deployed cell phone towers (or
antennas) and is usually available with a time latency of several minutes. Historical CDRs analysis
allows detection of important places for each user based on frequency of calls, texts or data packets
sent through a given cell tower (Isaacman et al., 2011; Becker et al., 2013). This approach is most
robust in identifying primary locations of frequent and recurrent visits, such as home, work or
school. The data is stored and processed internally at secure AT&T servers. A rescaling procedure,
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based on area-to-point pycnophylactic interpolation (Kaiser and Pozdnouhkov, 2013) and a vari-
ant of iterative proportional �tting was used to project aggregates from cell tower level to areal units
de�ned by the TAZs. Population census data were used to estimate correction coe�cients and ad-
just cell phone user counts for the total population. This adjustment resulted in an up-to-date and
more accurate representation of mandatory trip O-D �ows related. When compared with the MTC
demand models, notable discrepancies detected include new urban developments, as well as major
shi�s in employment re-distribution due to the fast IT sector evolution in Silicon Valley.

83.4 Work Commute Model Evaluation

MATSim instance was deployed on AT&T servers to simulate the home-to-work commute sce-
nario for a typical weekday. Scenario runs with 15 % to 30 % commuting population sample were
evaluated (550 K to 1.1 M agents). Driving and public transit were set as the only modes; mode
share at the beginning of the mode re-planning in MATSim was set according to MTC �ndings
from CHTS. Resulting link volumes were validated based on hourly tra�c counts collected by Cal-
ifornia Department of PEMS (Transportation Performance Management System) inductive loop
detectors, deployed on all major freeways. Sample count histograms are presented in Figure 83.2.
The model met the Federal Highway Authorities accuracy speci�cations.

83.5 Extensions andWork in Progress

Main extensions developed in the SmartBay project are related to simulating a population explicitly
connected to a social network; current work is directed toward two domains. First, an extension
of location choice is approached with machine learning tools that model social in�uences in desti-
nation choices for secondary activities and the second extension introduces social connections to
scoring functions and aims to capture peer pressure e�ects in mode choices.

Figure 83.2: A sample of the simulated vehicles and the examples of the observed (light/orange)
and simulated (dark/blue) counts at two particular validation locations. Secondary trips, mainly
occurring at midday, were not included in this scenario.
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Social In�uence in Destination Choice There is evidence that population social network
geography in an area is a strong predictor of destination choice for secondary trips. This is valid
both for trips directly related to social activities, as well as when destination choice was condi-
tioned by recommendations received from peers in the past. As such, this provides a way to use
machine learning-based approaches for predicting destination choice from historical data and
social ties. This approach requires building a social connections model for the virtual agent popu-
lation, i.e., de�ning a weighted graph with edges Pij for each pair of agents i and j. Our preliminary
work is based on the model proposed in McGrath and Pozdnoukhov (2014) and is applied at the
home level TAZs, instead of an individual. This approach requires a seed network to be derived
from the cell phone CDRs, with the weights Pij emphasizing recurrent reciprocal calls, as evi-
dence of a social tie between i and j. The seed network is then removed from the model, resulting
in a connected virtual population with similar network statistics that replicates the geographical
community’s real social network structure in the area.

SmartBay currently adopts the MTC secondary activities classi�cation that includes eight cat-
egories for non-mandatory trips. There are 120 K venues derived from the Factual.com API,
introduced to the simulation as destinations for secondary trips. Hierarchical spatial clustering
was applied to the venues set to reduce the number of venues to 1 200. This approach is justi�ed
both by the need to reduce computational expenses in the re-planning stage, as well as evidence
of spatial hierarchies in human spatial cognition and decision making. A spatial choice model for
the secondary home- and work-based trips is calibrated from the CDRs, using the McArdle et al.
(2014) approach. A key parameter set in this model is the attractiveness of agent venues, which is
assumed to be proportional to the number of peers who also visit the venue. A thorough experi-
mental validation of the full-scale scenario, with secondary trips, is computationally expensive and
is ongoing.

Social In�uence in Mode Choice The following extension to the conventional Charypar-Nagel
scoring function is considered:

Ui = UCN
i − γ

N
∑

j=1

Pij
∥

∥ai − a0
i

∥

∥+ θ

N
∑

j=1

Pij
∥

∥ai − aj
∥

∥

Here, an agent speci�cation is extended with an attribute vector ai, describing an agent’s pro-
�le as it relates to membership in a particular group (such as drivers or transit users). We de�ne
attribute components as continuous within [0,1] interval, corresponding to an agent’s tendency to
drive or take transit as his/her primary commute mode. This attribute value is also used to de�ne
the probability of the current plan’s primary mode choice to be selected for mutation in the evolu-
tionary optimization re-planning step. UCN

i represents the Charypar-Nagel score of the daily plan,
augmented with two terms. The �rst term describes peer pressure e�ect toward a pre-speci�ed
“socially-responsible” choice aoi . The second term describes an agent’s tendency to behave simi-
larly to his/her immediate peers in regard to choice attributes. As these two e�ects appear only
with evidence of a social tie, both terms include a summation over the agent peers, with con-
nection strength Pij de�ned as described in the previous subsection. The resulting mode choice
sensitivity to parameter values γ and θ is determined through currently ongoing computational
experimentation.

83.6 Conclusions and Acknowledgments

An increasing pace of urbanization severely tests city infrastructure systems. The transportation
�eld is responding to these global challenges by evolving at an ever-increasing pace. More �ex-
ible and powerful tools are required to support decision making in planning, operations, and



San Francisco Bay Area 489

policy regulation applied to emerging mobility technologies. SmartBay project has developed a
MATSim-based platform capable of ingesting demand models based on big data and extend-
ing the utility functions speci�cations to study social in�uence on mobility behaviors. It also
incorporates semi-parametric machine learning models applied to destination location choice
predictions for socially-related secondary trips. With encouraging results obtained in baseline
scenario simulations, these advanced developments are currently ongoing.

The authors acknowledge the contributions from our collaborators at AT&T Research:
Dr. J.-F. Paiement, Dr. J. Pang, Dr. A. Skudlark, Dr. C. Volinsky. Funding support from State
of California Department of Transportation (CalTrans) through UCCONNECT faculty research
grant program, agreement 65A0529, is also acknowledged.





CHAPTER 84

Santiago de Chile

Benjamin Kickhöfer and Alejandro Tirachini

84.1 Introduction

This section describes the creation process of the freely available MATSim scenario of Santiago de
Chile. The �rst version of a calibrated scenario is available online1 and is documented in Kickhöfer
et al. (2016). For the scenario setup, three open data sources are used: (i) car network information
from OSM (OpenStreetMap), (ii) PT (Public Transport) supply data from GTFS (General Transit
Feed Speci�cation), and (iii) travel diaries from Santiago’s 2012 Origin-Destination Survey.

Multiple interventions in Santiago’s transport system in the past 20 years make this city an inter-
esting case study for the analysis of alternative transport policies. Santiago has a Metro (subway)
network of �ve lines over 104 kilometers, with two new lines to be launched in 2017 and 2018,
adding 37 kilometers to the network. In the city, there is a full-scale integrated public transport
system launched in February 2007—the Transantiago system (Muñoz et al., 2014), which has fare
integration between all urban buses and the Metro through the use of a single prepaid (smartcard)
payment method. There also exists a network of 200 kilometers of tolled urban highways. In win-
ter, the air pollution problem is tackled, in part, by introducing plate-number based car driving
bans on the most polluted days. All these elements make Santiago an appealing case study for the
application of a metropolitan-scale transport and activity simulator.

1 See https://svn.vsp.tu-berlin.de/repos/public-svn/matsim/scenarios/countries/cl/santiago/ or search from

http://matsim.org/datasets.
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Figure 84.1: 2012 ODS study area and zones, adapted from SECTRA (2014).

84.2 Data

84.2.1 The 2012 origin-destination survey

The travel demand and activity patterns of the MATSim Santiago scenario are based on the
travel and activity data collected in the 2012 Origin-Destination Survey (ODS), whose database
and results were released to the public in March 2015.2 The surveyed area encompasses
45 comunas (municipalities) of the Santiago Metropolitan Region, with an estimated population of
6.65 million people. The survey goes beyond the Great Santiago Area to include the neighboring
municipalities of Colina, Lampa, Pirque, Calera de Tango and Melipilla. The total area has 2 million
households with an average of 3.24 persons per household. The sample size is 18 000 randomly cho-
sen households along 866 zones that were de�ned for the survey. Figure 84.1 shows a map of the
survey area and zones. The Great Santiago Area is highlighted by an ellipse, in which 91 % of the
population is concentrated.

It is estimated that, on a normal working day, there are 18.5 million trips, from which 38.5 % are
by non-motorized means (walking and cycling). Around 25 % of the total trips are made using the
Transantiago public transport system, out of which 52.4 % are bus-only trips, 22.2 % are metro-
only trips and 25.4 % are combined bus-metro trips. Car travel has a modal share of approximately
26 % of the total trips.

In total, 60 054 individuals were interviewed in the 2012 ODS, with a total of 113 591 trips. Omit-
ting all individuals that do not have two activities plus one connecting trip reduces the sample size
to 42 459 synthetic agents (70.7 % of all interviewees). Therefore, considering the population of the
whole metropolitan area of the sample (6.65 million), the MATSim synthetic population represents

2 The survey form, reports and full database are available at the website of Chile’s Transport Planning Office (SECTRA),

http://www.sectra.gob.cl/biblioteca/detalle1.asp?mfn=3253, accessed 16 August 2015.
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approximately a 0.65 % sample, with agents performing activities of the following types: home, at
work, work-related, education, health-related, visit someone, shopping, leisure and other.

84.2.2 Road network and public transport supply

The source data for the MATSim Santiago road network is taken from OSM. The source data for
the Transantiago PT routes and departure times/service frequencies at the stops over time-of-day
is a GTFS �le3, published and continuously updated by Santiago’s Metropolitan Public Transport
Authority (Directorio de Transporte Público Metropolitano, DTPM). The GTFS �le includes all
bus and Metro services.

From the MATSim transit schedule, a pseudo transit network is created along with the transit
vehicles. This transit network connects—for each transit line—the stops directly to each other. It is
not connected to the car network, and only follows the car network’s geometry where the resolution
of transit stops is high (i.e., where a transit line has a stop at every corner). In consequence, cars and
buses run in separate networks; as a result it is currently not possible to analyze, for example, cross-
congestion e�ects between modes. Nonetheless, current congestion patterns of PT are exogenously
included, since bus travel times are set to be larger in peak periods, calibrated using historical data
from buses that are equipped with GPS devices.

84.3 Setting up the Open Scenario

84.3.1 Scenario speci�cations

By converting the input data into MATSim format, several �les are generated to run the simulation.
Since there are no data restrictions, these �les are provided as an open scenario.4 The code for
obtaining this data from the input data is also publicly available.5 Behavioral parameters are taken
from a study by Munizaga et al. (2008) and converted into MATSim parameters (Kickhöfer et al.,
2016). When performing mode choice, in the present version of the model, agents are only allowed
to switch between the transport modes car, PT and walk. Trips performed by any other mode
(bike, colectivo, other, ride, taxi, train) remain �xed but can be included in the choice set in future
versions. PT captive users are taken into account since agents are only allowed to use a car if they
have access to a car according to the survey data. Otherwise their only options are PT and walk. The
attributes of the three di�erent modes considered in the present study are travel time (car, PT, walk)
and monetary costs (car, PT). Travel time for car trips is a direct output of the simulation where
vehicles interact on the road network. Hence, the car travel time also includes road congestion.
Travel times for PT results from the GTFS data (station-to-station travel times including transfer
time) plus access and egress times done by the walk mode. Hence, the PT travel times do only
partly include road congestion, i.e., as long as it is approximated correctly by the schedule, which
uses longer travel times in peak periods. Travel times for walk are approximated by teleporting

agents between their activities q and q+ 1 with a travel time of ttrav,q =
1.3·dtrav,q
4.0 km/h , where dtrav,q is

the beeline distance between the two activities.
Travel times for all other transport modes are approximated by congested car travel times (for

colectivo, other, ride, taxi) or by teleportation similar to the walk mode (bike, train) with di�erent

3 See http://datos.gob.cl/dataset/1587, accessed 13 August 2015.
4 See https://svn.vsp.tu-berlin.de/repos/public-svn/matsim/scenarios/countries/cl/santiago/ or search from

http://matsim.org/datasets.
5 Currently, see https://github.com/matsim-org/matsim/tree/master/playgrounds/santiago/src/main/java/

playground/santiago.
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teleportation speeds (10.0 and 50.0 km/h, respectively). Monetary costs are also approximated.
However, as long as switching from/to these modes is not allowed (see next paragraph), this
essentially has no e�ect on simulation results.

84.3.2 Calibration/validation

The Alternative Speci�c Constants of the di�erent modes are determined in the calibration process.
The procedure to run the �rst simulation with 200 iterations, together with the calibration of the
constants is explained in Kickhöfer et al. (2016).

Another standard veri�cation of MATSim simulation output is the comparison of tra�c �ows
to data from real-world counting stations. 49 counting stations are available within the Santiago
greater area, 40 on major roads, 9 on (parallel) local roads. The counts data is recorded in July
2011. A�er cleaning the data, 36 counting stations remain with data from 6:00 am to 11:30 pm in
15 minutes time bins. MATSim tra�c output versus observed tra�c is analyzed in Kickhöfer et al.
(2016), which indicates the need for further calibration e�orts once the population is expanded to
a 10 % or 100 % sample.

84.4 Conclusion and Outlook

This section summarized a MATSim scenario set up from input data that is open and publicly
available. This makes the scenario an interesting tool for transparent decision making of public
administrations, for advancing transport modeling and policy research as well as for stimulating
innovation activity of the private sector. Possible applications include the (economic) evaluation
of planned transport policies and projects and the development of business ideas based on the
simulated mobility of individuals in Santiago. A number of future model improvements to be im-
plemented in the scenario are provided in Kickhöfer et al. (2016). A non-exhaustive list of potential
research problems to be analyzed with the MATSim Santiago scenario is the following:

• the e�ects of road pricing strategies on travel times, tra�c volumes, public transport and
demand for non-motorized mobility, air pollution, noise levels, etc.,

• the introduction of alternative interventions such as (full or partial) pedestrianization of the
city center, speed limitations, roads with exclusive right-of-way for public transport, plate-
number based car driving restrictions, parking restrictions, road closures and road openings,
restrictions on truck tra�c, new cycleways and new Metro lines, and

• the extraction of accessibility measures to study the land use impacts of transport interventions.



CHAPTER 85

Seattle Region

Kai Nagel

A MATSim model of the Seattle region—more precisely the PSRC (Puget Sound Regional Council)
area—was developed during K. Nagel’s sabbatical stay with the UrbanSim team in Seattle in 2008.
The model resulted from a prototypical integration of the UrbanSim so�ware (e.g., Waddell et al.,
2003) with MATSim.

The base was an existing PSRC UrbanSim model, which used an established EMME/2 model as
a travel model. The investigation centered around how di�cult it would be to replace the EMME/2
model with MATSim.

The network was taken, by conversion, from the existing EMME network, resulting in
15 478 links and 5 025 nodes with attributes length, free speed, and capacity.

Demand was generated as output from UrbanSim. Evidently, the UrbanSim simulation already
contained a full synthetic population. The UrbanSim model was also set up with workplace choice,
so that each synthetic person with “working” status had a workplace assigned. Since that version
of UrbanSim worked on the parcel level, this meant that home-to-work trips could be extracted
directly, with coordinates, from the model. As so o�en for initial MATSim studies, this home-to-
work demand was then extended to home-work-home plans.

The con�guration used standard MATSim scoring parameters: a 7 am workplace opening time
and latest work start time of 9 am. The iterations were run with re-routing and time mutation
enabled until convergence. Since this was an exercise in rapid prototyping, only a 1 % sample of
the full synthetic population was used; road network �ow and storage capacities were scaled down
accordingly. Figure 85.1(a) shows a result. Figure 85.1(b) shows households most a�ected by a
hypothetical closure of the Alaskan Way viaduct, which traverses the Seattle downtown area on
the waterfront side to the west.
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(a) Simulated congestion patterns in Seattle

at 7:30 am

(b) 10 % households most a�ected by closure of the

so-called Alaskan Way Viaduct (in red)

Figure 85.1: Seattle region scenario.
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Seoul

Seungjae Lee and Atizaz Ali

The MATSim model of SMA was developed in 2012, as a result of long-term research collaboration
between the University of Seoul (Prof. Seungjae Lee) & ETH Zürich (Prof. Kay W. Axhausen). The
model was updated yearly and demand was generated based on 2012 HHTSD. Demand statistics
(input) are summarized as follows.

Study area was the SMA (Gyeonggi-do province, with emphasis on the Seoul Metro, comprised of
25 main administrative districts). A population synthesizer was developed to generate the MATSim
input demand, based on HHTSD 2012. Total population of SMA was 21.5 million; therefore, a 10 %
sample was generated and simulated (2.15 million agents). A detailed nodes and links network
was generated, capturing all details (16 384 nodes and 32 768 links) for railways, highways, arte-
rials, pedestrians, expressways and bus-only lanes. EMME/2 network was converted to MATSim
format. The 2012 Korean Transport Database was utilized to generate transit schedules and vehi-
cle de�nitions, according to bus types, railway and metro lines. Total number of routes was 1 317
(contained regional buses, inter-city buses, feeder line buses and metro lines, etc.). In collaboration
with Senozon AG, a more realistic door-door demand was generated in Seoul City in July, 2014.
Data source was the Korean GIS department.

In Seoul, MATSim has been widely used for various research purposes to aid policy evaluation
Kim et al. (e.g., 2012); Lee and Ali (e.g., 2014).

A master’s thesis on transit demand generation and calibration using smart card data in SMA
is currently underway by this chapter’s second author, sequenced as follows. A video is available
from the authors on request:

• data mining (trimming o� non-useful data),
• converting disaggregate transactions (O-D) to individual trips and trip segments based on

user ID,
• activities inference and assignment in SPSS (Statistical Package for the Social Sciences)

database,
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Figure 86.1: Seoul scenario.
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• generating transit demand (MATSim input format),
• updated transit network & schedule for running the simulation, and
• model calibration (in process).

MATSim tutorials were also presented during the fall semester 2014 to help Department of
Transportation Engineering undergrad and grad students gain a thorough working knowledge of
MATSim.





CHAPTER 87

Shanghai

Lun Zhang

Shanghai, with a population of about 20 million and 6 073 square kilometers land area, is the
biggest metropolis in China. To fully integrate activity-based demand modeling and further pub-
lic transport models, the full implementation of MATSim for Shanghai was built to forecast
precise tra�c demand on network, as well as scienti�c policy evaluation. The scenario con-
tained 200 000 synthetic persons, simulated on a network with 50 000 links. Shanghai scenario key
features are as follows.

A 1 % sample of the actual population, about 0.2 million agents, was used. To generate the pop-
ulation individual with personal attributes, the Monte Carlo method was used to disaggregate
available census data from the 4th Travel Survey of Residents.

Demand generation was based on 24 hour O-D matrices generated from the GPS data and
synthetic population; the O-D were then disaggregated into individual trips. The activity-based
modeling was used to generate initial population plans in �ve steps: activity chain choice, duration
choice, mode choice, destination choice and route choice, where the MNL model was used to es-
timate and serialize choices of agents. During the simulation, activity replanning were introduced
to discern better travel plans; while scoring for a plan was modeled using a utility-based approach.

The Shanghai street network was extracted from the overall OSM network and then merged
with the Shanghai expressway network. Road attributes, such as number of lanes per direction, or
�ow capacities, were set through road classi�cation speci�cation. To simplify the original network,
optimization rules were designed to remove unneeded information that increased computational
burden.

All facilities from O-D pairs were classi�ed into particular zones using their geographical
coordinates. Three main facilities types, home, work/education and leisure, are used. Origin and
destination facilities’ names were obtained via reverse geocoding; these facilities are classi�ed by
their names. The unit resolution of facilities was the hectare, in which facilities and types are
randomly created according to their coordinates.
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Simulated modes were as follows. A public transport system, subways and buses, was integrated
with both motor tra�c and non-motorized tra�c. Transit schedules were considered for public
transport. A travel time based transport mode choice model—between car and public transport—
was developed.

Activity replanning was used to optimize activity plans of agents; stable simulation system state
was reached a�er 100 replanning procedures iterations. The e�ectiveness of the Shanghai MATSim
transport simulation model was validated against observed counts from vehicle detectors and
mode split from travel surveys. Extensive simulation results indicate that most tra�c simulation
volumes matched quite well with observed counts, which demonstrated MATSim’s potential for
large-scale dynamic transport simulation. It provides researchers and policy makers with a useful
tool to evaluate tra�c policies.

Speci�c algorithms integrating new data in Shanghai with MATSim inputs, such as synthetic
population, facilities and network, were separately designed according to data characteristics. To
see more detailed work about the Shanghai scenario, please see Zhang et al. (2014).



CHAPTER 88

Sochi

Marcel Rieser

Major sport events usually attract huge crowds of spectators, as well as media reporters, necessi-
tating numerous o�cial helpers in various locations to guide and support attendants; naturally,
all athletes must also be at the right place at the right time. For large, international contests like
Olympic games or soccer championships, accommodations are rarely close to the event facili-
ties, making it necessary to transport spectators, media, helpers and athletes e�ciently over long
distances. As such events typically run for multiple days, or even weeks, with ever-changing com-
binations of locations and times where actual competitions take place, substantial planning is
required to ensure that all attendants and participants reach their event locations in time.

Masterconcept Consulting GmbH (Gesellscha� mit beschränkter Ha�ung), an Austrian con-
sulting company, has positioned itself to provide high-level concepts for large sport events. To
better serve its clients, it developed ITSOS (Intermodal Transport Simulation & Operation Sys-
tem), a GIS-based system to support its transport planners in the creation of mobility concepts
for major events, as well as regional planning. When simulating the planned events, ITSOS
depends heavily on MATSim to verify that special infrastructure at major events can handle
transport within required time frames, to and from speci�c event locations.

Senozon AG was responsible for integrating MATSim with ITSOS and adding ITSOS-speci�c
functionality to MATSim. Together, they created a test scenario depicting the 2014 Olympic winter
games in Sochi.

88.1 System Overview

ITSOS used ArchGIS for storing and editing infrastructure data, like road and train networks and
event facilities. A custom plug-in also provided a graphical user interface inside ArchGIS to spec-
ify transit routes and schedules, vehicle types and their assignments to lines and departures, as
well as methods describing expected travel demand. Transport planners could create and manage
scenarios and scenario variants directly from the custom user interface available inside ArchGIS.
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A�er successful modeling of a scenario in ArchGIS, a planner could export the network and
transit schedule in MATSim’s XML format directly from ITSOS to a local directory. The travel
demand information, consisting of activity-chains, with zone- or facility-references and number
of persons having such a chain, was exported as tabular information. A special program created a
MATSim population �le from this tabular data, along with a default con�g �le.

The user could then start the MATSim simulation, using a simple bat-�le on Windows. A�er the
simulation ended, events were preprocessed and imported into a database, from which they could
be queried and used within ArchGIS for analysis and visualization purposes.

88.2 Extensions to MATSim

The various groups at major sport events require di�erent handling; in addition to athletes, there
are media reporters, o�cials, helpers, caterers, and, of course, many spectators. Persons from dif-
ferent groups attending the same event will have di�erent requirements about when to be at the
event location, what entrance to use for the event location and the kind of transport necessary to
reach the location. For this reason, supporting sub-populations for replanning and scoring was an
important issue. Di�erent transit o�erings were also de�ned for di�erent agent groups, because
spectator mass transport must usually be separate from athlete and o�cial transport.

To facilitate transport planners’ work, transit lines in ITSOS were de�ned with adaptive sched-
ules; given a base headway, additional departures were scheduled between iterations, if high
occupancy was expected to occur on a line during speci�c hours. This adjustment was based on a
rule set that ensured a minimum duration for the shorter headway, as well as a minimum duration
for the base headway between the shorter headways. Figure 88.1 shows the graphical schedule of
an adaptive transit line a�er 80 iterations.

In addition to private car tra�c and schedule-based public transport, athletes, media and o�cials
also use special transportation o�erings: shuttle buses, or even limousine services operating on
demand, between only two or more �xed locations. Termed “transit on demand” in ITSOS, transit
lines with stops along a route were de�ned, but without scheduled departures. Instead, a within-
day-like operator was implemented, scheduling vehicles whenever someone from an agent group
wished to depart. The rule-based operator had additional constraints, like minimum occupancy
of on-demand vehicles before departure (to prevent every on-demand vehicle transporting only
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time
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Hub (Spectators)
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Route-Time Diagram, Route = B2aA

Figure 88.1: Bus schedule with automatically adapted headways based on simulated demand for
bus line from Sochi (Central Bus Hub) to Krasnaya Polyana (Hub).
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PM

Figure 88.2: Simulated pedestrians (red circles) at Krasnaya Polyana hub. Transit vehicles (incl.
cable cars) shown as green boxes, transit stops as blue circles.

a single agent), as well as a maximum waiting time before departure for such vehicles (to prevent
agents in remote locations having to wait forever).

At sport events, large number of spectators have to share both common entrances to event facil-
ities and common access paths to those facilities. This made it necessary to simulate more detailed
pedestrian �ows (in certain places) than just the default teleportation approach typically used by
MATSim. For Olympic games, this was even more crucial because, in several locations, security
checks created additional bottlenecks. This requirement was solved by implementing a special
router for the walk mode, along with a custom departure handler. The router tried to �nd a path
on the network for walk legs, assessing distance from the closest walk link to/from a facility to
decide if the link functions as an access to the facility or not. If no nearby link was found, or no
route found between two access links, an empty route was stored in the leg. The departure han-
dler checked whether the route was empty or not, either teleporting the agent or putting it on a
walk link in the network. Walk links are regular queue-based network links with capacity and free-
speed set, according to the simpli�ed physics of directed pedestrian �ows. This approach readily
allowed modeling of security screening gates’ bottleneck e�ects and considered essential walk path
locations where necessary. These were modeled, omitting them on non-critical routes. Figure 88.2
shows an example of simulated pedestrian movements at Krasnaya Polyana, the mountain area
near Sochi where numerous events took place.

88.3 Simulation of Sochi

To test ITSOS applicability for major events transportation planning, a model of the 2014 Olympic
winter games in Sochi (Russia) was built. Data was either collected either by Masterconcept
employees or cooperating companies, or received from Russian governmental institutions.
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Figure 88.3: Overview of the Sochi model.

Road and train networks were modeled in ArchGIS, using the ITSOS extensions. The transit
schedule included 55 transit lines, a mix of bus lines, train lines, and cable cars, going up into the
mountain areas. 24 of those lines were de�ned to be adaptive, 19 lines operated on-demand as
shuttle services.

Travel demand was de�ned for each day of the games, based on the actual schedules, making
assumptions about how many spectators would visit each di�erent competition during the day.
While size of event facilities can be used as a upper limit for number of spectators, substan-
tial experience and knowledge from Masterconcept was used to de�ne actual numbers of people
expected at each event.

Events o�en start and end at di�erent times of day, because many event locations share, at
least partially, a common route to reach them; it was important to simulate whether the trans-
port services o�ered could cope with the combined travel demand generated by multiple, separate
events.

A typical simulation run of Sochi included about 150 000 agents. To speed up simulations, paral-
lel events handling and parallel qsim was used. The simulation generated around 15 million events
per iteration. Figure 88.3 shows a screenshot of the Sochi scenario, visualized in Via.

88.4 Outlook

In addition to the test case of the 2014 Olympic winter games in Sochi, ITSOS/MATSim was also
used to simulate tra�c in St. Johann (Pongau, Austria), with particular emphasis on pupils, who
o�en must take a combination of buses and trains to get to school.

A new company, Masterconcept Mobility GmbH, was split o� from Masterconcept Consult-
ing GmbH in 2014; this new �rm o�ers major event transportation planning services, as well as
regional planning services based on the combination of ITSOS and MATSim.



CHAPTER 89

Stockholm

Joschka Bischo�

The Stockholm scenario was created as a student project at TU Berlin in summer, 2014. Because
several groups worked on the project, the common base was a census data synthetic population,
an OSM-based network and counts data.

The network was taken from OSM 2013 data. Within the city, all roads were used; in outlying
regions, only mayor roads were included in the network. Demand consisted of home-work-home-
plans only. The population sample size was—depending on the student group—between 1 and 5 %.
Agents used car and (pseudo) public transit.

Count data for the morning peak along a mayor road, the E4, was used to calibrate the sce-
nario. This calibration was handled di�erently by the groups; some just added tra�c, others tried
to imitate the Stockholm toll. Further scenario documentation is available in German.
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CHAPTER 90

Tampa, Florida: High-Resolution Simulation of
Urban Travel and Network Performance for

Estimating Mobile Source Emissions

Sashikanth Gurram, Abdul R. Pinjari and Amy L. Stuart

90.1 Introduction

Mobile sources are signi�cant contributors to ambient tra�c-related air pollution associated
with adverse health impacts in urban areas. Thus, it is important to accurately characterize
mobile source emissions and population exposure to those emissions; this requires a high-
resolution simulation of urban travel. In this study, using activity-based travel demand modeling
and MATSim-based dynamic tra�c assignment modeling, we demonstrate a large-scale, high-
resolution simulation of resident population travel activity and highway network performance in
Tampa, Florida. Such high resolution simulation outcomes are useful in estimating mobile source
emissions and human exposure to those emissions.

90.2 Study Area

Hillsborough County, a large section of the Tampa Bay region in Florida, is our study area.
The county’s geographic context is presented in Figure 90.1. The freeway road I-275, acts as a
major commuter corridor connecting the area north of Tampa to the central business district to
the south. The freeway roads I-75 and I-4 run north-south and east-west, respectively, and serve
as major highways for intra-city, inter-city and inter-state travel. The county has a diverse mix of
air pollution sources and population demographics, few public transportation options, an unsatis-
factory air quality record and a sprawling urban form. These make it an interesting test case from
an air pollution perspective.
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Figure 90.1: The study area of Hillsborough County, Florida.

Source: Gurram et al. (2015)

90.3 Modeling Framework

Figure 90.2 depicts the modeling framework used to simulate urban population activity and trans-
portation network performance for the study region. An activity-based model (ABM) of travel
demand (DaySim) is coupled with MATSim, here applied as a dynamic tra�c assignment (DTA)
model. The DaySim framework was originally developed for the Sacramento region (Bradley et al.,
2010) and calibrated for the Tampa Bay region, using local household travel data (Gliebe et al.,
2014). An appealing feature of DaySim is its use of �ne, parcel-level representation of space, which
leads to high spatial resolution in the simulated activity locations. Similar to other ABMs (Activity-
Based Models), inputs to DaySim include detailed population demographics, land-use patterns
and transportation system characteristics in the study region. The demographic inputs come from
a population synthesizer called PopGen (Pendyala et al., 2011) that generates a synthetic popula-
tion of individuals and households to match aggregate-level distributions of both household- and
person-level characteristics from the U.S. Census. Demographic variables not controlled in Pop-
Gen (e.g., household car ownership and individual employment characteristics), were estimated
using econometric models based on local data. Taking all the above as inputs, DaySim simulates
the daily activity and travel patterns of all residents in the study region, including the timing,
duration and location of activities and the mode of travel between di�erent activity locations. We
ran the model on an eight-core Windows machine with a 2.8 GHz Intel Xeon processor and 24 GB
RAM. The run time was approximately 5 hours for the entire Tampa Bay population of about
3 million individuals.

DaySim does not simulate travel route information between di�erent activity locations. However,
information on travel routes and network performance (i.e., link speeds and volumes) is essential
for estimating emissions and human exposure to those emissions. Therefore, MATSim was used to
simulate travel routes and network performance (Balmer et al., 2008). To do so, outputs from the
Tampa ABM were processed using SPSS and Java programming to provide the initial set of plans for
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Figure 90.2: The transportation modeling framework.

MATSim. Similarly, the ArcGIS road network �le for the Tampa Bay area was processed to create
network inputs for MATSim. Since most travel in Tampa is by automobile (with close to 90 % mode
share), only these trips were simulated in MATSim. It is worth noting, however, that a large number
of automobile trips were simulated. Speci�cally, 9.7 million trips made by approximately 2.3 million
residents of the study region during a 24 hour period were simulated. The simulation was run for
300 iterations, with the storage capacity factor for the links set to 3. Additionally, maximum plan
memory size for each agent was set to 3. The BestScore and ReRoute replanning modules were used
with a probability of 0.9 and 0.1, respectively. To undertake this large-scale and computationally
intensive simulation, 48 parallel processors each with 25 GB of RAM from a university research
computing cluster setup were utilized, requiring 5.2 days total run time. Link-level outputs from
the simulation, including hourly tra�c volumes and travel times, were written to a linkstats �le;
trip-level route information was written to a plans �le.

90.4 Results

Diurnal patterns of link-level passenger car volumes and travel speeds for Hillsborough County are
presented in Figure 90.3 (in the form of bi-hourly averages). As expected, tra�c volumes, shown in
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Figure 90.3: Simulated bi-hourly varying a) passenger car volumes and b) travel speeds (mph) for
Hillsborough County on a typical weekday.
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Figure 90.3 a), are higher during the morning (7 to 9 am) and the evening (4 to 7 pm) peak hours
than the rest of the day. Additionally, tra�c volumes during evening peak hours are higher than
volumes during morning peak hours, perhaps partly because the evening commute has a higher
propensity for trip chaining compared to the morning commute (Chu, 2003). Travel speeds shown
in Figure 90.3 b) correspond to the diurnal pattern of tra�c volumes, with lower speeds during the
morning and evening peak hours.

Spatially, higher volumes are observed along major freeway corridors—I-75, I-275, and I-4 as
expected. High tra�c volumes are also observed along the road network near suburban locations,
including Brandon, Citrus Park and Town ’N’ Country. Accordingly, travel speeds are lower in
these suburban locations along with the North Tampa area, University area and a few sections of
the freeway corridors.

The root mean squared error between the estimated tra�c volumes and observed tra�c vol-
umes at eight di�erent tra�c counting stations is 0.41. Further, the error between estimated and
observed tra�c �ows for inter-city roads was higher than those for intra-city roads, presumably
because the current model system does not consider long-distance (or inter-city) travel, visitors’
travel and freight movement in detail. Nevertheless, the high temporal and spatial resolution of
the population activity (including individuals’ travel routes) and network performance (i.e., link
volumes and speeds) simulated using the model system is promising for future detailed estimation
of tra�c pollutant emissions and human exposures to those emissions.

90.5 Future Work

The next steps of this study include addition of inter-city, visitor and freight travel to the model sys-
tem. Utilizing the �ne-resolution, link-level tra�c volume and speed outputs from MATSim, EPA’s
MOVES so�ware is being used to estimate mobile source emissions. Mobile source emissions can
be combined with other sources of emission and meteorological data, using a pollutant dispersion
model, to estimate diurnal cycles of hourly varying pollutant concentrations. The resulting pol-
lutant concentrations will be combined with the diurnal locations of individuals (obtained from
the ABM and MATSim) to estimate individual-level exposure to tra�c-related pollutants, such as
nitrogen oxides. Such individual-level exposure measures will be utilized to estimate demographic
group-level exposures for assessment of inequality in exposure to tra�c-related air pollution, as we
have done previously using travel survey data (Gurram et al., 2015). The model system described
above will be used to obtain estimates of population exposure, for alternative scenarios of urban
land-use design and transport policies.

90.6 Conclusion

In this study, we simulated urban travel using activity-based travel demand modeling and dynamic
tra�c assignment, to obtain network performance measures, including link-level tra�c volumes
and speeds, at a high spatial and temporal resolution for Hillsborough County in Florida. As
expected, simulated tra�c volumes are higher and travel speeds lower during morning and evening
peak hours. Spatially, higher volumes and lower speeds are observed along the freeway corridors
and suburban locations than other locations. Model performance (vis-à-vis observed tra�c pat-
terns) is better for inter-city roads than intra-city roads, highlighting the need for better modeling
of long distance passenger travel and freight movement. When the ABM-DTA framework built in
this study is expanded to consider mobile source emissions and pollutant dispersion, the result-
ing transportation and air pollution modeling system will be useful for understanding interactions
between urban transportation design, air pollution and population exposure to pollution.





CHAPTER 91

Tel Aviv

Christoph Dobler

The initial Tel Aviv MATSim scenario (Bekhor et al., 2011) was recently extended by adding
destination choice to the MATSim iterations (Dobler et al., 2014).

The modeled area was divided into 1 219 TAZ (Figure 91.1(a)); geometry was provided as a ESRI
shape �le (ESRI, 1998). Zonal attributes contained information on the population living in the
zone, as well as types of activities that can be performed.

The population was created using population generator outcomes from the Tel Aviv activity-
based model, containing socio-demographic attributes and daily schedules with up to six activities.
This kept computational e�ort manageable; a 10 % population sample was simulated. Additional
data was provided for external trips; for each of the three types (car, truck, commercial), O-D
matrices for three di�erent time periods were available.

Network input data was taken from the EMME/2 model (see INRO, 2015), also used by the
Assignment Unit of the existing Tel Aviv Model. Conversion process details can be found in Gao
et al. (2010). Turning restrictions were handled by adapting the network structure, resulting in
a network containing 9 474 nodes and 18 570 links (Figure 91.1(b)). Some major road capacities
were obviously too low (e.g., noticeably lower than tra�c counts indicated) and were corrected
manually.

The Tel Aviv scenario contained road pricing for two arterial highways; count data for validation
was available for three arterial roads.

How to cite this book chapter:

Dobler, C. 2016. Tel Aviv. In: Horni, A, Nagel, K and Axhausen, K W. (eds.) The Multi-Agent Transport

Simulation MATSim, Pp. 515–516. London: Ubiquity Press. DOI: http://dx.doi.org/10.5334/baw.91.

License: CC-BY 4.0



516 The Multi-Agent Transport Simulation MATSim

AM

(a) TAZ

AM

(b) Network

Figure 91.1: Tel Aviv scenario.



CHAPTER 92

Tokyo: Simulating Hyperpath-Based Vehicle
Navigations and its Impact on Travel Time

Reliability

Daisuke Fukuda, Jiangshan Ma, Kaoru Yamada and
Norihito Shinkai

92.1 Introduction

Most standard commercial vehicle navigation systems usually rely on �xed travel times as link
weights; sophisticated algorithms deal mainly with stochastic travel time. Reliable routing in-
corporating such travel time variability could provide extra bene�ts to drivers. However, imple-
mentations of many reliable routing algorithms might become impractical, mostly due to heavy
computational loads. The hyperpath-based navigation demonstrated in this chapter would con-
sider only lower and upper bounds travel times for each link as inputs and produce a set of
potentially optimal links with recommended link choice possibilities.

The basic concept of hyperpath is: “Don’t put all your eggs in one basket in an uncertain en-
vironment”. In literal terms, actual routes are more widely distributed as congestion increases.
Thus, delay risk due to induced congestion would be reduced and the network burden—congested
links—would be lightened (Figure 92.1). Based on the idea of “Optimal strategy”, widely employed
in frequency-based transit assignment (see Spiess and Florian, 1989), Bell (2009) proposed the
shortest hyperpath search algorithm called “Hyperstar”. Algorithm variations under various con-
ditions have been further developed in Bell et al. (2012) and Ma et al. (2013) for risk-averse vehicle
navigation.

Hyperpath-based navigation can be bene�cial in at least three ways:

1. The concept of hyperpath could bene�t drivers by helping reduce travel time unreliability; it
provides an ’adaptive choice opportunity’ to potentially avoid stops at intersections, or long
delays on links. For example, other than typical navigation systems, the turn noti�cation
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Shortest path Hyperpath11 15 min.

16 18 min.

12 16 min.

11 15 min.

16 18 min.

12 16 min.

13 min.

17 min.

14 min.

(Based on mean travel time)

( min. ~ max. )

Ranges of travel times:

O D

Figure 92.1: Concept of hyperpath under travel time uncertainty (1 O-D - 3 routes example).

received by drivers before entering intersections could be “go straight or turn right”. In this
case, drivers may decide to turn right when encountering a red light for going straight. Even if
the �nal experienced travel time is slightly longer than the non-adaptive drive, driving expe-
rience could be better (say, eight minutes driving plus two minutes waiting versus ten minutes
non-stop driving).

2. For drivers, hyperpath also could cater more to individual tastes without pre-de�ning drivers’
actual route choice preferences. Comparatively, shortest path (SP), or multiple shortest paths
with di�erent criterion, would require modelers’ de�nition of “shortest”. In the long run, the
hyperpath model has the potential to evolve with reinforcement learning technologies and
provide more customized adaptive route guidance.

3. Existing commercial navigation systems seldom take their e�ect on networks into consider-
ation; sometimes congestion is actually produced by navigation systems. Thus, DTA, along
with route guidance, might be still be mostly academic or hypothetical. Classical DTA are
largely based on time-dependent K-shortest paths and aim to analyze equilibrium conditions
as ideal states. For example, Dynamic User Equilibrium de�nes the equilibrium where drivers
cannot change their trip plans to reduce actual experienced travel time. However, experienced
travel time can never be known beforehand, since real-life transportation is much more com-
plicated than laboratory DTA settings. Hyperpath-based route choice does not search for
equilibrium, but it might be equilibrium-like to some extent, as it is strategically reactive to
delay changes.

The hyperpath-based route recommendation could thus reduce overall network congestion, be-
cause it recommends a potential optimal set of paths instead of the shortest (single) path and leads
to appropriate dispersion of tra�c. However, its impact on the entire tra�c networks has not been
well analyzed. In this chapter, we demonstrate—using MATSim—how hyperpath-based vehicle
navigation market penetration would a�ect overall network performance. Though development
of real-time tra�c information for navigating vehicles has bene�ted drivers, to some extent, mar-
ket di�usion of these technologies may not lead to the reduction of tra�c congestion, mainly due
to the concentration of tra�c into particular paths or links in the tra�c networks. Certain unex-
pected phenomena, such as “Hunting (e.g., Oguchi et al., 2003)”, might occur. We changed the ratio
of vehicles with risk-averse route guidance, conducted tra�c simulation and then checked tra�c
performance.

92.2 A Small-Sized Network Case

MATSim was utilized as the simulation tool. In the early stage, we conducted such simulations on
the Sioux Falls network (see also Chapter 59) with synthetic O-D demands (see (Yamada et al.,
2013) for details). Hyperpath algorithm was initially written as an external route planning mod-
ule in Python and the market share can be con�gured by setting the “ModuleProbability” item.
Figure 92.2 illustrates the con�guration sample for hyperpath with 20 % market share. Figure 92.3
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Figure 92.2: Setting for the case that 20 % of vehicles follow hyperpath-based vehicle navigation.

Figure 92.3: Link travel speeds for di�erent levels of market penetrations.

also shows the network state (in terms of link speed) improvement with increase in the market
share of hyperpath from 20 % to 80 %.

92.3 Simulation in Tokyo’s Arterial Road Network

Based on early-stage experiments on the Sioux Falls network, we were interested in a similar
simulation in Tokyo’s large-scale arterial network with actual tra�c data.

92.3.1 Network and Travel Demand

The arterial road network, including the whole Tokyo Metropolitan Area (Figure 92.4), was pre-
pared from Digital Road Map version 2011 (DRM2403) in a radius of about 70–80 kilometer from
downtown. The tra�c network consisted of 444 220 nodes and 177 971 links a�er being cleaned
using the “networkcleaner” API in MATSim. Capacity and free �ow speed of each link were set up
considering road hierarchy information, type of links and their corresponding speed limits.

We analyzed car tra�c during morning rush hours and the O-D table was subtracted from a
large-scale travel survey (Person Trip Survey 2007) to create agents’ plans. The total number of
the O-D pairs was 17 186 and there were about 2 307 000 vehicular trips during the target time
period within the whole area. From the data, 219 642 agents (approximately 10 % sampling rate)
were randomly created and each agent had only one activity, commuting from his/her home to the
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Figure 92.4: Arterial road network in Tokyo Metropolitan Area.

workplace. For drivers’ departure time from home, a normal distribution with the mean of 7 am
and the standard deviation of 1 hour was assumed.

92.3.2 Setup of Day-to-Day Simulation Experiments

Although the Logit-based route planning module had already been employed as one of the
MATSim routing strategies, it may have had less supportive route guidance explanations. We thus
focused on the combination of “re-route” and “best-score” planning modules, which meant that
some drivers adjusted their daily travel plan according to yesterday’s experience, while the others
simply chose the most positive route from their past choices.

To get travel time data for creating hyperpaths, simulation runs for 30 iterations (i.e., 30 days)
were �rstly performed with no HP-based drivers (i.e., 100 % of SP-based drivers) to obtain travel
time distribution. Then, maximum delays in each during these 30 days were computed and
used in the following main simulation, with the market di�usion of HP-based navigated drivers.
Figure 92.5 illustrates a simulation with MATSim for the downtown Tokyo.

92.3.3 Results

We conducted �ve di�erent cases of tra�c simulation by changing the shares of HP-based drivers
from 0% to 80% by 20%. The simulation runs were conducted for 30 days for each case to evaluate
network-level travel-time savings, as well as reliability.

Average travel time per unit length of all agents in each one day was plotted for di�erent cases in
Figure 92.6. Since the tra�c network in Tokyo is quite large and drivers’ trip lengths are diverse, we
plotted the average travel time per unit length (shortly ATTPUL) for a fair comparison. Apparently,
there were high levels and large �uctuations in ATTPUL when there were no HP-based drivers
(HP %, that is SP 100 %). But it is obvious that, as the market di�usion rate of HP-based drivers
increased, �uctuation and levels of ATTPUL would be signi�cantly reduced.

Table 92.1 summarizes the result of Figure 92.6 by computing the ATTPUL (tunit) average, as
well as the ATTPUL (σunit) standard deviation over the 30 days. It is clear from this table that
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Figure 92.5: Snapshot of the hyperpath-based tra�c simulation in Tokyo.

4.4

4.5

4.6

4.7

4.8

4.9

5

5.1

5.2

5.3

5.4

5.5

0 5 10 15 20 25 30

A
v
e
ra

g
e
 t
ra

v
e
l 
ti
m

e
 p

e
r 

u
n
it
 l
e
n
g
th

 [
m

in
./
k
m

]

Day

HP 80%

HP 60%

HP 40%

HP 20%

HP 0%

Figure 92.6: Average travel time per unit length for all vehicles.
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Case tunit [min./km] σunit [min./km]

HP 80% 4.60 0.02

HP 60% 4.62 0.02

HP 40% 4.71 0.03

HP 20% 4.90 0.03

HP 0% 5.24 0.07

Table 92.1: Summary of the network perfomance.

both average and standard deviation of travel time tended to decrease when the mixing ratio of
HP-based route guidance was increased. This result indicates that HP-based route guidance would
be superior in terms of of travel time reduction and reliability given day-to-day patterns of average
travel time for heavy Tokyo tra�c.

92.4 Validation of Hyperpath-Based Navigation

A �eld experiment was conducted to verify the bene�ts of travel time reliability improvement for
drivers by Ito et al. (2015) in Tokyo. Drivers equipped with the time-dependent shortest path and
those equipped with the time-dependent hyperpath navigation systems were compared. Both navi-
gation systems use the same historical travel time sourced from probe vehicle data. Based on results
collected from two weeks of experimental driving by di�erent drivers, the hyperpath produced a
signi�cantly better result, especially when the network was congested.



CHAPTER 93

Toronto

Adam Weiss, Peter Kucireck and Khandker Nurul Habib

93.1 Study Area

The GTHA (Greater Toronto and Hamilton Area) is located northwest of Lake Ontario, in the
province of Ontario, forming Canada’s largest urban region. The GTHA’s current population is
over 6.5 million, with projected growth to approximately 8.6 million by 2031.

93.2 Population, Demand Generation and Activity Locations

The TTS (Transportation Tomorrow Survey) was the basis for travel demand used for the multi-
modal assignment simulation. TTS was a retrospective telephone survey, conducted in the GTHA
every �ve years. The TTS sampled just over 5 % of GTHA households; the survey collected house-
hold socioeconomic and geographical data, characteristics of each household member and a full
24 hours travel diary for each household member. Current MATSim models use the TTS travel
diary records to generate the plans �le. Integration of the TASHA activity based model, devel-
oped for the glsgtha, was also investigated. Irrespective of the demand data source, both sources
provided the tra�c zone location for all activities. The Toronto implementation then randomly
distributed activities around the tra�c zone, which resulted in unique x-y coordinates for each ac-
tivity. Within the current MATSim implementation in Toronto, no MATSim facilities development
has been attempted.

93.3 Network Development and Simulated Modes

The GTHA MATSim implementation used a pre-existing planning level network for static user
equilibrium assignment,employing the EMME tra�c assignment so�ware. This network was con-
verted to a MATSim network, using a conversion tool found in the MATSim Toronto playground.
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More recently, this network was merged with GTFS data for �ve of the eight major regional transit
agencies to allow for multimodal demand assignment.

93.4 Calibration, Validation, Results

The Toronto MATSim implementation was compared to more conventional, large-scale assign-
ment models with varying success. The work of Gao et al. (2010) found that travel time, travel
distance, link �ows and speeds were reasonably comparable, in fact more plausible, than those
achieved through the EMME assignment. Conversely, work on transit assignment, �rst done by
Kucirek (2012) and then by Weiss et al. (2014), found limitations associated with predicting line
boarding �gures; these were based on di�erent transit technologies and agencies and utilized dif-
ferent fare structures, suggesting that further work to calibrate the multimodal assignment model
is required. These issues are exacerbated by the current implementation’s inability to distinguish
between in-vehicle dwell times and out-of-vehicle wait times; these should ideally be weighted
di�erently, particularly given the climate and predominance of outdoor bus stops in the region.
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Trondheim

Stefan Flügel, Julia Kern and Frederik Bockemühl

The Institute of Transport Economics (TØI), in cooperation with Julia Kern from TU-Berlin
and Frederik Bockemühl from Hasselts University, built a �rst prototype model for the region of
Trondheim (Norway) (Flügel and Kern, 2014).

The road network data was imported from a publicly accessible data base (Elveg). Figure 94.1
illustrates the network. Most required link information could be directly inferred from the data
base. The lane capacity (vehicles per hour) was assumed to be a �at 1 800 per lane. Existing toll
stations, with their current toll structures, were coded manually in the network �le. The public
transport, walk and cycle networks had not been implemented at this time. Agents using one of
these modes were teleported; travel times were calculated with prede�ned speeds per transport
mode. Initial demand was derived from the National Travel Survey (NTS 2009) travel diaries.
4 453 respondents were simply scaled up to 191 676 agents; activity locations and departure times
were slightly randomized to avoid clusters. This model di�erentiated only between work and
“other” activities. Desirable working hours were speci�ed as eight hours; demand consisted only
of private cars (no trucks).

Standard utility functions were applied, but in the calibration process, default values for travel
time disutility in di�erent transport modes were adjusted so that the model would reproduce
observed market shares. The simulated tra�c �t (in the reference scenario) against real-world
counts was deemed satisfactory for a �rst implementation (Bockemühl, 2014).

Standard behavioral modules in MATSim were included in the Trondheim model. Agent could
react to policy measures through three choice dimensions: changing route, changing transport
mode and changing departure time. To test whether MATSim predicted reasonable behavioral
changes, a small case study was performed. Additional tolls on streets (bridges and tunnels) to
Trondheim city center were coded in the network and three congestion price structure were
tested. Figure 94.2 illustrates the e�ects on the simulated cars entering and leaving Trondheim
city center. Compared to the reference scenario without tolls, total number of cars was reduced in
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all toll scenarios. Some agents changed transport modes; others, who would have driven through
Trondheim center, changed their route. Comparing the three di�erent congestion-pricing struc-
tures, it was also evident that agents changed departure time. The di�erence between the 15 NOKs
�at scenario and the 10/20 NOKs scenario was small; the e�ect in the 50 NOKs rush scenario was
substantial. Actually, in this scenario, tra�c was heavier before 3 pm and a�er 5 pm implying that
many agents changed departure time to avoid high congestion pricing.

Figure 94.1: Network and simulated tra�c in Trondheim and surroundings for 6:55 am (source
Flügel et al., 2014) (visualized with Via).

Figure 94.2: Cars entering/leaving Trondheim city center in reference scenario and three conges-
tion pricing scenarios (source Bockemühl, 2014).
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Yarrawonga and Mulwala: Demand-Responsive
Transportation in Regional Victoria, Australia

Nicole Ronald

In November 2013, Public Transport Victoria implemented a service called Flexiride in twin
regional Victoria towns, consisting of an on-demand public transport service using taxis. This
service replaced an existing �xed-route bus service, which was poorly patronized.

This scenario was designed to investigate operational performance change between two di�erent
DRT schemes: Flexiride and a completely ad-hoc scheme. More details can be found in (Ronald
et al., 2015). This work was a �rst step in developing a decision-support tool to evaluate di�erent
DRT schemes, particularly when integrated with other transport modes.

The scenario was part of a larger project exploring the viability of mobility-on-demand, focusing
on ridesharing and DRT services (Ronald, 2014).

The scenario covered twin towns on the border of Victoria and New South Wales, Australia,
separated by the Murray River. Yarrawonga (Victoria) has a population of 7 057 and an area of
95.0 square kilometers, while Mulwala (New South Wales) has a population of 1 904 and an area
of 18.6 square kilometers.

The Flexiride scheme delivered six services on weekdays and three services on Saturday, leaving
Yarrawonga center (Orr St) at �xed times. The local taxi operator was paid a holding fee by Public
Transport Victoria to have a taxi available at Orr St at the nominated time. The taxi returned to
normal service when there were no bookings or passengers waiting.

Passengers could ride either by starting their trip at Orr St, or by phone booking, at least
10 minutes before a scheduled departure from Orr St. Existing bus stops were used as pickup and
drop-o� points.

Flexiride drivers recorded pickup and drop-o� locations for each service. Using this data, prob-
abilities of trips occurring between two zones were developed, using the process in De�orio
(2011). A continuous departure time distribution was derived from evenly spreading demand for
particular services to either side of that service.
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The network was extracted from OSM. Some bus stops were removed if they were assigned to
the same link in MATSim, e.g., stops on the same road between intersections.

Only passengers for the demand-responsive service were included. However, the use of
MATSim for this initial model means that other modes could be added in later versions.

This was an exploratory simulation that demonstrated how DRT could be modeled for exploring
viability and comparison of di�erent schemes.

Using MATSim, experimentation with varying demands, two di�erent scheduling algorithms
and an altered Flexiride service, with more services, were carried out. Outcomes like drive time,
vehicle-kilometers traveled and passenger wait time could be measured.

Results showed that the two schemes performed di�erently for operators and passengers.
Optimization schemes had little e�ect in low demand situations, while seating requirements
showed more variability in the ad-hoc scheme, as demand increased. Future work involves
estimating both schemes’ costs for further comparison.

This work was supported by a grant from the Australian Research Council (LP120200130).
We are also grateful to Michal Maciejewski for his assistance with the DVRP contribution (see
Chapter 23).



CHAPTER 96

Yokohama: MATSim Application for Resilient
Urban Design

Yoshiki Yamagata, Hajime Seya and Daisuke Murakami

96.1 Introduction

In Yamagata and Seya (2015), we proposed the concept of a resilient local electricity-sharing sys-
tem as a complement, or alternative, to a FIT (feed-in tari�) to achieve CO2-neutral transportation
in cities. In our proposed system, electricity generated from widely introduced solar PVs (Pho-
tovoltaic Panels) is stored in cars “not in use” in a city. In Japan, almost half the central Tokyo
metropolitan area cars are used only on weekends and thus are kept parked weekdays. These cars
could represent a huge new storage potential if they were replaced by EVs; that is, they could be
used as storage batteries in a V2C (Vehicle to Community) system.

This study analyzed the potential of EVs as storage batteries in emergency cases. Speci�cally, we
focused on the following three questions:

1. How much residential demand can be met (in each 24 hour) by electricity from just PVs,
which are installed on the roofs of all detached houses in the study area?

2. How many EVs are needed to store all surplus electricity (PV supply minus demand)?

3. How does EVs driving change the load curve and how can mass-adopted PVs ful�ll total
demand?

To answer our second and third questions, we needed to know (a) the number of cars parked at
home during each hour (that is, the time each car arrived at home a�er use) and (b) the amount of
battery charge consumed by each driver during his/her daily trips (that is, trip duration). For this
simulation, we used MATSim. In this chapter, we brie�y introduce our MATSim application for a
local electricity-sharing system in Yokohama city, based on Yamagata and Seya (2013); Yamagata
et al. (2014, 2015).
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96.2 Results

We assumed that PV was installed on the roof of each detached house in Yokohama city. Then,
we calculated the amount of electricity supplied each hour throughout the whole day by employ-
ing simple intensity method. The O-D trip data used are from the Fourth Person Trip Survey in
Tokyo Metropolitan Area, implemented in 1998. The data are available through the People Flow
Project (http://pflow.csis.u-tokyo.ac.jp) on request (application) and include the O-D trips by
tra�c mode, time of day, purpose, etc. for each micro district, called cho-cho-moku. The Person
Trip survey is a national survey that focuses on people’s travel behavior during a given few days of
each month, from October to December. Because the number of cars in Yokohama for each cho-
cho-moku was unknown, the city-level value was allocated to the cho-cho-moku (areal weighting)
and adjusted for the size of the population. The road-network information was taken from the
National Digital Road Map Database and included su�cient data on road capacity, width classi-
�cation, link length, number of lanes and travel speed to perform tra�c simulations in MATSim.
MATSim requires a daily “plan �le” for each agent (car driver); we prepared these �les by using the
Fourth Person Trip Survey, which captured the daily movements of 722 000 people. Because the
Fourth Person Trip Survey sampled approximately 2 % of the population of the Tokyo metropoli-
tan area, the plan �le was replicated according to the intensity factor provided by the People Flow
Project, resulting in 505 335 agents. From the MATSim simulation, we had obtained each agent’s
trip duration and arrival time.

Considering load curve changes due to the EVs driving, we then asked if massively adopted PVs
would be enough to satisfy total energy demand in Yokohama. In Figure 96.1, the solid and dashed
lines represent electricity surplus cumulative distribution, charged to or discharged from the bat-
teries of EVs, not in use and used only for charging the EVs in use, during May and August (solid
line, maximum; dashed line, average). The dotted line in the �gure represents the scenario where
electricity surplus was both charging EVs and satisfying households’ typical electricity demand

Figure 96.1: Cumulative distribution of electricity surplus charged to or discharged for electricity
demand (y axis denotes the cumulative distribution of electricity surplus).

Source: Reproduced by permission of the Institution of Engineering & Technology: published in
Yamagata and Seya (2015, Figure 6)
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under maximal/average solar irradiance. However, in August (high demand, high PV supply), the
electricity surplus was su�cient for charging EVs, but not enough to meet the households’ huge
electricity demand due to evening use of air-conditioning.

To meet household electricity demand, PV electricity needs be e�ciently stored in EVs and lo-
cally shared. For example, if a high-a�ordability zone (storage capacity is greater than electricity
surplus) is adjacent to a low-a�ordability zone (storage capacity is smaller than electricity surplus),
then the share of their EV capacity increases the ratio of stored PV electricity. Because storage
a�ordability (storage capacity minus electricity surplus) is signi�cantly di�erent regionally (see
Figure 96.2), clustering of community-based local sharing must be carefully designed. In this study,
we attempted to optimize community clusters using several di�erent algorithms. Firstly, the num-
ber of clusters was assumed 18 to be the same as the number of Yokohama city wards. Then, cluster
optimization was performed by minimizing (the sum of storage a�ordability in the 18 clusters) plus
k (minimum circularity in these clusters), where k was the weight for the circularity. The �rst term
balanced storage capacity and electricity surplus to increases the rate of stored PV electricity; the
second term decreased inter-point distance within each cluster, as well as electricity sharing (trans-
mission) cost. The minimization was conducted in every month through a simulated annealing
algorithm to �nd optimal spatially clustered communities.

Figure 96.3 shows four-month clustering results; all clusters indicate positive storage a�ordabil-
ity in April, May, June, July, September, and October. In other words, PV electricity covers whole
household electricity demands, if EV capacities are shared with these optimized clusters.

Figure 96.2: Storage a�ordability: Storage capacity minus electricity surplus in kWh/day (10 % of
EVs not in use being used as battery).

Source: Reproduced by permission of the Institution of Engineering & Technology: published in
Yamagata and Seya (2015, Figure 10.a)
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Figure 96.3: Monthly clustering results.

In summary, we applied MATSim to analyze the potential of EVs in a V2C system and found that
EVs can cover typical household electricity demands in some months and the cover ratio can be
increased by community clustering for local electricity sharing. In the future study, we plan to use
MATSim to simulate mobility behavior for electricity sharing community scenarios and extend our
clustering analysis utilizing simulated behavior. Finally, development of community level mobility
sharing service would be a very important topic to integrate MATSim simulations with our land
use and transportation scenarios, such as compact and dispersion scenarios (see Yamagata et al.,
2013).



CHAPTER 97

Research Avenues

Kai Nagel, Kay W. Axhausen, Benjamin Kickhöfer and Andreas Horni

The on-going work documented and interest expressed in the various scenarios proves that this
system has not at all exhausted its possibilities as a platform for research both on and with it. This
chapter highlights chances for further discussion and action.

97.1 MATSim and Agents

97.1.1 Complex Adaptive Systems

The core MATSim architecture, where agents learn utilities for plans, was originally derived from
the �eld of Complex Adaptive Systems (CAS; e.g., Axelrod, 1984; Holland, 1992; Hraber et al.,
1994; Palmer et al., 1994) (also see Section 46.1 of this book). Arthur (1994) addresses a coordi-
nation problem where agents receive a payo� only when less than 60 out of 100 go to an event. He
addresses this by �rst generating a large number of heuristic predictors for the next round’s atten-
dance, such as “same as in last round” or “trend from last four rounds”. He next gives each agent a
randomly selected handful of these strategies, so that agents have di�erent sets of predictors. Then,
many rounds of the game are played, where the score of each predictor is updated based on its pre-
diction quality, and agents act based on their currently best predictor. Simulations demonstrate that
the approach leads to successful coordination, i.e., around 60 agents show up in every round. That
approach, in turn, builds on work by Palmer et al. (1994), who simulate a stock market, Holland
(1992), whose classi�er systems have more structure than Arthur’s model, but a similar model of
performance learning, or Axelrod (1984), who investigates adaptive agents in the face of repeated
non-cooperative games.

Arthur (1994) keeps each agent’s predictors �xed a�er initialization. In contrast, Hraber et al.
(1994) simulate an arti�cial ecosystem, where individual agent strategies are based on so-called
genes, adapted over the rounds/iterations by genetic algorithms (Goldberg, 1989).
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97.1.2 Arti�cial Intelligence

CAS focuses on many agents, agent interaction and emergence. Arti�cial Intelligence (AI) in
contrast, concentrates on single agents. In AI terms, the original MATSim agents (those doing day-
to-day learning) are very simple reinforcement learning agents (Russel and Norvig, 2010, Chapter
21.3). Since these MATSim agents have only one state (the initial/nightly state) and each action
is simply a plan, the distinction between Q-learning and utility learning (as de�ned by Russel and
Norvig, 2010) actually collapses; what remains is the temporal di�erence learning (again as de�ned
by Russel and Norvig, 2010) scheme for the utility, which translates to the MATSim situation by
updating the score/performance/utility value of each plan every time it is selected.

97.1.3 Synthesis

The original MATSim system thus took the focus on large systems, interaction, emergence, and
strategy innovation from CAS, while the score updating comes from the AI �eld. In consequence,
a clear path to move on is the inclusion of more modern AI aspects into the MATSim agents.
Examples include:

• Extend MATSim to agents that can react immediately, rather than having to wait for the next
iteration or round. In transport, this is sometimes called en-route or within-day replanning
(e.g., Emmerink et al., 1995; Balijepalli et al., 2007; Axhausen, 1990). See Chapters 30 and 23
as well as Section 97.2.

• Improve the MATSim agents with respect to choice set generation. This may include both better
creative capability for the agents to come up with innovative new strategies to handle their
virtual lives, as well as consistency considerations between choice set generation and estimated
choice models. See Sections 49.2 and 97.3.

97.2 Within-Day Replanning and the User Equilibrium

Within-day replanning, i.e., the ability of the agents to respond to the immediate context, is the
standard mode of operation for simulation models. In the transport domain, note the tra�c �ow
models as an example, where aspects such as acceleration/braking, or lane changing, are (obvi-
ously) computed reactively, while the simulation is running and not before the simulation starts
(e.g. Wiedemann, 1974). Many traveler-oriented or agent-based models of travel demand adopt
the same approach, cf. ORIENT (Sparmann and Leutzbach, 1980), ORIENT/RV (Axhausen and
Herz, 1989), MobiTOPP (Schnittger and Zumkeller, 2004). For many aspects of Intelligent Trans-
port Systems (ITS) systems, within-day replanning is indispensable (e.g., Hall, 1993; Emmerink
et al., 1995; Dobler, 2013). None of these systems aim for equilibrium in the same way as MATSim,
carried forward from TRANSIMS and originally inherited from static assignment.

One may argue that, if supplied with a learning approach, these within-day models should
approach equilibrium a�er many iterations, as agents with a suitable memory structure would
avoid plans that could put them at a disadvantage. This memory, which would need to be agent-
speci�c and covering the very large set of choice options, makes the approach costly to implement.
Importantly, the solutions may be di�erent: when faced with a stochastic environment, an agent
able to react within-day could be better o� than an agent following a pre-computed plan. This is
important: �nding a plan with the highest expected score is not the same as �nding a conditional
strategy with the highest expected score.

Still, there are contexts where this immediate response ability can be used within MATSim to
explore the choice set more e�ectively, especially if the choice alternatives are limited and within
geographic reach. Waraich et al. (2013a) proposes within-trip replanning to �nd the best parking
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space near a destination. This localized search reduces the need for full iterations considerably and
allows addition of behavioral detail at this point (here the type of parking), walking distance to
�nal destination, and parking fee trade-o�.

While within-day replanning can be used as described above within the framework equilibrium
search, it can also be added to open up the MATSim framework to contexts where such an equilib-
rium is inappropriate. Dobler (2013) uses the MATSim calculated equilibrium as the starting point
for his model of evacuations and the behavior of evacuees. He also explains that his approach �nds a
set of executed plans close to the MATSim equilibrium, but for much lower computing cost. While
the bene�ts of an equilibrium solution in comparison with an approximation have been extensively
discussed for aggregate assignment models, for MATSim the issue is whether these fast approxi-
mations could be used to speed up the overall equilibrium search; similar to starting a Frank-Wolfe
search based on four or �ve incremental loadings of the network (Jourquin and Limbourg, 2006).

While aggregate assignment can identify the routes chosen as belonging to the equilibrium,
research in the agent-based context is needed to see: a) if the approach is indeed faster and b)
if the resulting set of plans is unbiased by the fast initialization.

97.3 Choice Set Generation

As described at several places in this book (e.g. Sections/Chapters 3.1, 4.5.1, 49.2, 27, 47, 49), the
MATSim iterative process in its standard version modi�es each agent’s choice set (= each agent’s
set of plans) over the iterations. Clearly, an agent can only select a plan generated by this process.
Thus, search space de�nition is important.

97.3.1 The Statistical Weight of Each Plan

Econometric research (e.g., Ben-Akiva and Lerman, 1985, Chapter 8 and 9) points out that it is
not su�cient if certain alternatives are eventually discovered by the search process; rather, it is
important that they are generated with probabilities consistent with the choice model. This, how-
ever, is at odds with the CAS approach, where solutions are generated rather arbitrarily. For
example, Arthur (1994) “create[s] ‘an alphabet soup’ of predictors” that are “randomly ladle[d]
out”.1 Research is needed to clarify when statistical properties of the choice set need to be tightly
consistent with the choice model and when not.

As a result, in the MATSim context, it is important to look not only at plans generation/innova-
tion (e.g., Section 4.5.1.1), but also at plans removal. The default MATSim approach is to remove
the plan with the worst score. This is, however, problematic both from a CAS and an econometric
perspective. From a CAS perspective, such an approach simply does not generate enough diversity,
since similar scores rather o�en mean similar plans; thus, the approach has a tendency to remove
the most di�erent plan, typically leading to a set of plans that are all quite similar. From an econo-
metric/discrete choice perspective (cf. Section 49.2), the combination of plans generation and plans
removal needs to ensure that each plan’s probability of being in the choice set corresponds to its
weight used in the choice model estimation.

Section 49.2 discusses a version of the plans’ generation/removal process, but makes rather strong
assumptions about the capability to compute best-response plans. Here, let us instead consider a
heuristic argument. Assume that plans i for a person n are created with a certain probability pcreaten,i ;
the person index n will be dropped in the following. Also assume that plans are removed with
probability premove

i . The master equation for the probability qi of plan i to be contained in the choice

1 To be precise, Arthur uses strategies that eventually generate choices.
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set becomes in leading order2

dqi

dt
= −qi · p

remove
i + pcreatei .

The steady state solution, obtained from dqi/dt = 0, is given by

qi =
pcreatei

premove
i

. (97.1)

That is, quite obviously, if one wants to control the statistical distribution qi within the MATSim
process, one needs to look not only at plans generation, but also at plans removal.

MATSim’s plans generation model can be approximately described by a creation probability of
pcreatei ∼ exp(βcreate Si), with relative large βcreate, corresponding to an approximate best-response
model.3 At the same time, removal of the worst plan corresponds to premove

i ∼ exp(−βremove Si)
with a very large βremove. Overall, thus

qi ∼ exp((βcreate + βremove)Si) .

Combining this with a choice model that selects with ∼ exp(βchoice Si) from the set of plans, i.e.
ChangeExpBeta or SelectExpBeta, leads to

pi ∼ exp(βchoice Si) · qi ∼ exp((βchoice + βcreate + βremove)Si) . (97.2)

Let us again stress that this is not an exact statistical analysis of the MATSim dynamics, but
instead an illustrative approximation to gain insight. From this approximation, it becomes clear that
MATSim in its current form, because of the strong additional e�ects of plans generation, expressed
through βcreate, and plans removal, expressed through βremove, strongly over-weighs plans with
high scores. It is thus important to include plans removal in all considerations, since otherwise the
very large βremove in Equation (97.2), coming from always removing the worst plan, will dominate
the statistical distribution.

97.3.2 Heterogeneity in Plans Removal

Clearly, removing not the worst plan, but instead according to some logit model with a smaller
βremove would improve the situation. In addition, to increase diversity and simultaneously correct
for correlations between alternatives, one could use an (inverse) path-size logit (e.g., Frejinger and
Bierlaire, 2007; Prato, 2009; Schüssler, 2010) model, i.e.,

premove
i ∼ exp(−βremove Si + αPSi)

where PSi would be an index of similarity of plan i to all other plans in the plans set. As a result,
plans very similar to other plans in the set would have a greater chance of being removed. The last
of such similar plans would no longer be similar to any other plan, thus PSi would be small; that
plan would be less likely to be removed.

Such an approach is experimentally available as PathSizeLogitSelectorForRemoval. It possesses
an ad-hoc similarity computation of one plan to all other plans in the set (Grether, 2014). Further
investigations using this approach should be performed.

2 In higher order, one would have to correct for the possibility that a plan may appear more than once in the choice

set.
3 The operator ∼ means “proportional to in leading order”. It neglects, for example, the effect of the denominator in

a logit model.
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97.3.3 Heterogeneity in Plans Generation

No extended research has yet been undertaken to see whether MATSim could adopt the strategy
of regularly introducing new random starting solutions to avoid local minima. One challenge: the
generation of such random plans would result—in most cases—in nonsensical plans, which would
need to be removed through computationally expensive iterations. See Feil (2010) for di�culties in
constructing optimal alternative plans for the number and sequence of activities. One possibility is
to initially allocate a small set of randomly chosen alternative day plans and measure their similarity
throughout the simulation. There is no research on a replanning technique involving switching
of the day plan activity order, which again would produce more dissimilar plans than currently
possible.

Moyo Oliveros and Nagel (in press) and Nagel et al. (2014) report computational experiments
where a randomized Pareto router is used to generate a di�erent route every time it is called. The
Pareto router randomly draws a trade-o� between di�erent utility function contributions, such as
fare/toll, travel time, access/egress time, then computes an optimal route based on the resulting
generalized cost. The randomized approach considerably reduces the requirement that the router
be consistent with the scoring function. The randomized Pareto router generates a collection of
possible routing solutions; each agent then can select one that best suits its own trade-o� between
monetary budget and time pressure. Heterogeneity is generated by each synthetic traveler having
a di�erent trade-o�.

The approach of Horni (2013, also see Chapter 27 of this book) can also be seen in this sense:
attaching a random error term to each location-person-pair means that two persons—at exactly
the same home location with exactly the same activity pattern—will select di�erent locations for
their activities. So far, this describes heterogeneity between persons. However, the approach also
generates more heterogeneity per person, since the destinations attractive to each synthetic person
will be spatially more spread out than they might otherwise be.

97.3.4 Deliberate Search Strategies

The need for a strategies meta-search, as sketched by Arthur (1994), remains an open question. In
the MATSim context, all decisions, based on explicit search for alternatives, can be studied to see
how far apart choice set generation strategies of discrete choice modeling (which draw from the
universal choice sets), are from explicit construction strategies. One idea would be to observe the
second step to see what impact these would have on the results and the policy conclusions.

A good example is parking search (Waraich et al., 2012), for which multiple strategies have been
documented and which explains the empirical observations (Shoup, 2005). In a discrete choice
model context, distribution of parking preferences can mimic choice strategies, but the approach
could not capture the context-speci�c strategy choice. In MATSim, this set of strategies could be-
come the object of a meta-search to see which agents would retain which strategies and how these
would be used by the agents. Empirical work could be conducted to see whether these sets and
their distributions match travelers’ practices.

In the same vein, one could look at the leisure destination choice, where di�erent strategies can
be observed, although they have not yet been subject of empirical study. If longer-term choices were
added to the MATSim framework, residential and workplace choice could also be considered.

MATSim plans’ convergence towards a single optimal structure can be seen as the absence of
search strategies on the plan level. This overlaps strongly with the question of number choice and
activities sequence, where these alternative plans are needed.
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97.3.5 Transients Versus the Notion of “Learning”

As in other similar simulations, interpretation of the relaxation procedure (iterations) of MATSim
is unclear. Sometimes, the relaxation process is ascribed a behavioral interpretation: for example,
day-to-day learning, where the transition process, as well as the �nal equilibrium, has a mean-
ing (Liu et al., 2006, p.128), (Nagel and Barrett, 1997, p.523). An opposite viewpoint exists, where
the relaxation procedure is just a numerical method to compute the equilibrium state, or states,
without a behavioral basis of the transitions. Although this interpretation ambiguity has not ham-
pered development process so far—also because, in discrete choice modeling, the same ambiguity
exists—it is obvious that future questions about adoption of behavioral versus statistical methods
require MATSim interpretation.

97.4 Scoring/Utility Function and Choice

97.4.1 Discussion of the Present Scoring Function Mathematical Form

The current logarithmic MATSim activity scoring function,

Sact,q = βdur · ttyp,q · ln(tdur,q/t0,q)

(cf. Equation (3.2), with t0,q as de�ned by Equation (3.7), is not suitable for modeling activity
addition and dropping (Feil, 2010, p.127f). As already stated in Section 3.3.1, the problem is that,
at the typical duration, i.e., at tdur,q = ttyp,q, all activities generate the same score, independent of
their actual duration; thus, it makes sense to �rst drop the longest activity, since that generates the
least amount of utility per time unit. This is typically the home or work activity; dropping this �rst
clearly is nonsensical.

The property that all activities have the same utility at their typical duration is obtained by
computing the value of the parameter t0,q from the condition4

const · βdur
!
= Sact,q

∣

∣

∣

tdur,q=ttyp,q
= βdur · ttyp,q · ln(ttyp,q/t0,q) (97.3)

and therefore

t0,q = ttyp,q · exp

(

−
const

ttyp,q

)

(97.4)

(cf. Equation (3.7) with 10h → const and prio → 1).

97.4.2 Utility at Typical Duration Proportional to Typical Duration

As an alternative, Equation (97.3) could be replaced by the requirement that all activities at their
typical durations yield a score proportional to their typical duration, i.e.,

const · βdur · ttyp,q
!
= Sact,q

∣

∣

∣

tdur,q=ttyp,q
= βdur · ttyp,q · ln(ttyp,q/t̃0,q) , (97.5)

leading to
t̃0,q = ttyp,q · exp(−const) . (97.6)

That is, replacing Equation (97.4) by Equation (97.6) in the MATSim scoring function would make,
in �rst order, all activities equally likely to drop. Starting with MATSim release 0.8.x, there will be
a con�g switch

4 The notation S
∣

∣

∣

x=a
means that the expression S shall be evaluated at x = a.
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<param name="typicalDurationScoreComputation" value="..." />

where uniform will mean the old behavior and relative the behavior suggested in this section.
Consequences of this still need to be investigated.

97.4.3 S-Shaped Function

A new S-shaped function, proposed by Joh (2004), was tested by Feil (2010, p.129�). It starts
horizontally at zero duration, bends upwards with a positive second derivative and then changes
curvature to the normal negative second derivative at longer durations. The function was motivated
by the observation that utility functions with in�nite (i.e., diverging) �rst derivative at duration
zero lead to “doing a little bit of everything”. This is also known from regular consumer theory,
with activities replaced by goods. The S-shaped function avoids that problem, instead implying
that activities below a certain duration should instead be dropped completely.

Estimates of the new function, based on the Swiss microcensus, were provided; this estima-
tion, however, was di�cult, which was attributed to the non-linearities of the function, and to
the di�culty in generating su�ciently large choice sets. In addition, many daily activities and their
durations were not chosen freely by the individual. Consequently, it is currently not advisable to
replace the MATSim default scoring function with the Joh/Feil approach.

97.4.4 Heterogeneity of Alternatives and Challenges of Estimation

It is normal to di�erentiate between types of alternatives in the average; for example, trips by di�er-
ent modes, or with di�erent purposes, are commonly assigned di�erent time values. However, there
are also large deviations from those averages between travelers. A possible approach to address this
are so-called taste variations, i.e., to make some parameters of the utility function random, but �xed
per agent; parameters of this randomness are made part of the choice model estimation. However,
some of this apparent randomness may, in fact, be causal. For example, higher values of time for
commuting than for leisure may be caused by the more crowded daily schedule on working days.
Similarly, the strength of a preference for public transit may be caused by the walking distance to
that transit stop serving the desired destination.

Simulation systems such as MATSim should be able to explicitly integrate alternatives’ hetero-
geneity. Besides the aspects discussed in Section 97.4, it is desirable to know how the following
aspects in�uence the scoring function:

• access/egress times to/from public transit,
• transfers between public transit lines,
• crowding in public transit vehicles,
• parking search,
• types of parking (on-street, guarded, sheltered, etc.), and
• personal or household income.

Clearly, this list is not complete.
For most of these aspects, initial studies within the MATSim context are available, see, e.g., Moyo

Oliveros and Nagel (2012, in press) for access/egress times and transfers to PT (Public Transport),
Bouman et al. (2013), Sun et al. (2014a) or Erath et al. (in preparation) for crowdedness, Waraich
et al. (2013b) for parking search, or Kickhöfer et al. (2011) for income. In some cases, it is even
possible to con�gure these elements through the standard con�g �le, completely without Java pro-
gramming. It is also quite clear that these issues were addressed outside the MATSim context.
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A challenge, however, is that it is normally not possible to just collect and combine results from
di�erent studies, for the following reasons:

• It is not correct to take an estimated utility function and then change the list of attributes. For
example, if walking access/egress to/from PT is not included in the estimation, then its e�ect
may be partially be included in the alternative-speci�c constant, or in the population density
(which may serve as a proxy for the density of PT access points). Just adding the e�ect of walking
access/egress from some other study is thus incorrect.

• Even when MATSim is able in principle to add these elements, doing so in practice poses a
considerable statistical challenge. For example, one may assume that households inside a zone
self-select their precise residential location based on the PT accessibility of their regular des-
tinations. In contrast, a typical MATSim initial demand generation process will �rst assign
residential locations, then generate their destinations, e.g., their workplaces. Thus, persons who
might reach their destinations easily by PT might have their MATSim residences far away from
the relevant PT stop.

Therefore, it is necessary to estimate the scoring function with exactly those attributes available
in the simulation with su�cient precision. Kickhöfer (2009) has, in consequence, re-estimated his
scoring function based on data from Vrtic et al. (2008). For the same reasons, it is not possible
to combine functions independently estimated for di�erent choice dimensions. This is not even
possible when they all contain monetary units. For example, assume that one has

... + βt ttrav + βm1m+ ...

for mode choice, and
... + βr ρ + β̃m1m+ ...

for parking, where ttrav is the travel time, ρ is congestion in a parking lot, and 1m is, in all cases, the
change in the monetary budget, e.g., cost for gas, PT fare, or parking. Even then, it is not possible
to say

... + βt ttrav + βm1m+ βr
βm

β̃m

ρ + ... ,

since that confuses the scale parameters of the two separate estimations.5 If only travel time is avail-
able as common attribute, the situation deteriorates, since time valuation in MATSim is non-linear;
thus, operating points for linearization need to be de�ned, or found by iterative procedures (Horni,
2013, p.75�).

As a long-term perspective, one could also imagine estimating choice models directly inside
MATSim, possibly taking hints from UrbanSim which has such an approach at its core. An early
step in this direction within MATSim using Cadyts (see Chapter 32), is described by Flötteröd et al.
(2012).

97.4.5 Agent-Speci�c Preferences

MATSim scenarios so far consider a relatively small set of agent attributes, essentially because
of missing data suitable for deriving detailed large population attributes (Müller and Flötteröd,
2014). Some studies, however, used larger sets of attributes. Grether et al. (2010); Kickhöfer et al.
(2011) estimated individual income-contingent utility functions. Horni and Axhausen (2012b,a)

5 Realistically, combining separate estimations via their conversion in monetary terms may be the best one can do in

many situations.
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incorporated agent-speci�c travel preferences and individual income-dependent marginal utilities
of money; preference values, however, were assigned randomly. Because consideration of agent-
speci�c preferences is one of the cornerstones of agent-based microsimulations, future work should
exploit this avenue.

97.4.6 Frozen Randomness for Choice Dimensions Other Than Destination Choice

For destination choice, an iteration-stable random error term has been successfully applied to
incorporate unobserved heterogeneity not included by the stochasticity of the co-evolutionary pro-
cess (see Chapter 27). Other choice dimensions might also bene�t from explicit agent-speci�c error
terms. This could incorporate a mechanism to generate the error terms with the correct correlation
structures.

More formally: The current MATSim choice process can be interpreted as maximizing, for each
agent n,

Uni = Vi + Ṽni + βTηni + ε̃ni , (97.7)

where Vi is the systematic utility of alternative i, Ṽni is an agent-speci�c addition, βTηni describes
randomness inserted by the network loading model (see Equations (49.4) and (49.5)), and ε̃ni is
remaining (unexplained) noise. Two challenges are:

• Ṽni denotes aspects o�en assumed as random in choice models, but �xed in typical MATSim
runs. An example is walking distance to the next PT stop, which may have to be assumed as
random in an estimation context based on travel analysis zones, but which is �xed in the context
of a MATSim run.

→ To be consistent, a choice model and a MATSim implementation used together should
use exactly the same disaggregated attributes.

• In most MATSim runs, the ε̃ni are either assumed as zero (BestScore), or are parameterized by
the MATSim choice model (ChangeExpBeta or SelectExpBeta), which can be interpreted as that
the ǫ̃ni are re-drawn from the distribution every time a choice is made. This leads, for example,
to purely random “logit” switchers between a base and a policy case (e.g., Grether et al., 2010).

Moreover, the default plans removal (Sections 4.5.1.4 and 97.3.2) has a tendency to re-
move all alternatives except the best, e�ectively setting the ε̃ni to zero for all typical MATSim
con�gurations when run for su�ciently many iterations.

This is acceptable in situations where most of the noise can be assumed to be in the Ṽni and/or
the βTηni (and thus generated with hopefully plausible structure by the MATSim dynamics);
this may be the case for the choice dimensions of route, mode, and time. It is clearly wrong for
locations where ε̃ni subsumes preferences that are speci�c to each person-alternative-pair and
that o�en cannot be included into the Ṽni. For example, a person may have a strong prefer-
ence for “swimming” in a situation where the data only knows about “leisure” facilities. In this
situation, a possible approach is to generate random but “frozen” ε̃ni, as described in Chapter 27.

→ One should thus evaluate how far, and how, a similar approach could be introduced for
choice dimensions beyond destination choice.

97.4.7 Economic evaluation

As the above Section 97.4.6 already indicates, further work is desirable to better understand
the connection between MATSim scores and utility from consumer theory. At face value, Equa-
tion (97.7) could be taken as each agent’s utility. As also discussed in Section 51.2.5, problems arise
when the ǫ̃ni are not explicitly known for each person-alternative-pair ni.
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In many past MATSim studies, their e�ect has therefore been parametrized by a logit choice
model (with the use of Change/SelectExpBeta). In these cases, the logsum of all plans’ scores of an
agent is each agent’s correct utility measure. See Section 51.2.5.1 for details.

In other MATSim studies, the ǫ̃ni were e�ectively assumed to be zero (with the use of BestScore).
In these cases, the highest of all plans’ scores of an agent is each agent’s correct utility measure.
Because of the BestScore plan selection model, the plan with the highest score will at the same
time also be the selected plan. See Section 51.2.5.2 for details.

For some of us, it seems attractive to move into the direction of working with frozen randomness,
as discussed in Section 97.4.6. That approach would combine the advantages of the two approaches
from above: It would inherit the parsimonious interpretation of the BestScore approach, where
only the plan with highest score (= the selected plan) of each agent needs to be considered, and
at the same time include the idea of random utility theory, and, hence, the e�ect of the ǫni on
individual choices.

Another avenue of research is to further push the understanding of the econometric and
statistical properties of the MATSim choice modeling, cf. Section 51.2.5.5.

97.5 Double-Queue Mobsim

The standard MATSim mobsim QSim implements a single-queue model as described in
Chapter 50. The associated FD (�ow vs. density) is horizontal for medium densities, and falls to
zero very steeply at very high densities. This is consistent with the fact that a vehicle leaving a link
opens up its space already in the next time step; jam patterns thus have a backwards traveling speed
of L/1 s (L is the length of respective link) rather than the conventional approx. 15 kilometers per
hour (see also Charypar et al., 2009).

The JDEQSim (Section 4.3.2) and the deprecated DEQSim (Section 43.1) implement a double-
queue model with backward traveling gaps. Recently, the QSim has also implemented a double-
queue variant (Agarwal et al., 2015a), switched on by using a “holes” option in the con�g; it is,
however, not yet thoroughly tested.

97.6 Choice Dimensions, in particular, Expenditure Division

As shown in Section 46.2.2.3 and pictured in Figure 46.1, the Zürich group targets a fuller schedul-
ing model. In addition to standard choice dimensions (printed in red in the cited �gure), numerous
choices are subject to ongoing research. In particular, “expenditure division” is unexplored not
only in MATSim, but in transport planning in general; studies have focused on single-travelers
or household-based groups. The �eld’s understanding of both expenditure patterns and allocation
styles inside a household are poor, which is no surprise since relevant questions are missing in
surveys. First tests for necessary survey works are currently in process and will lead to a better
understanding of activity participation and time values that travelers bring to their decisions.

97.7 Considering Social Contacts

Apparently, social contacts, within households as well as within extended social networks, have
a substantial in�uence on travel decisions, particular for social activities in leisure time (Kowald
et al., 2009). An early social networks study, in context, but not based on MATSim, is by Marchal
and Nagel (2005). Further work based on or, again, in context of MATSim was undertaken by
Hackney (2009); Illenberger (2012); Illenberger et al. (2011); Kowald et al. (2009). The most recent
work on joint trips is reported in Chapter 28. Despite this range of valuable work, future research
is required on this topic, especially for leisure destination choice (Horni, 2013).
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Glossary

Activity The central element of modern activity-based modeling (see below). 4, 221, 552
Activity location People perform activities at activity locations, which can be as small as one sin-

gle building or large zones. In MATSim, activity locations are o�en further speci�ed by using
the facility object, which (in addition to others) de�ne open times. xix, 14, 550

Activity-based Modern transport planning assumes that “travel demand is derived from activity
demand” (Jones, 1979; Bowman, 2009a,b; Bhat and Koppelman, 2003; Ettema and Timmer-
mans, 1997; Bowman and Ben-Akiva, 1996, 2001). People travel because they want to perform
a certain activity, which is best captured by activity-based models with activities the central
element of modeling. 4

Agent According to Wooldridge (2009, p. 21) an agent is “a computer system situated in an en-
vironment, capable of autonomous action in this environment to meet its delegated objectives”.
307

Algorithm A set of operations to solve a speci�c problem. 7, 30
ArcGIS ESRI’s geographic information system. 254, 503, 504, 506

C++ An object-oriented programming language with full control of memory management. 6, 285,
309, 310

C# An object-oriented .NET programming language. 310
Con�guration �le The main con�guration screw for MATSim, o�en just referred to as config

file or as config.xml. Also see con�g. xxxi, xxxii, 11–14, 16, 18, 19, 21, 35–40, 44, 48, 49, 55,
56, 58, 79, 86, 226, 227, 241, 268, 284, 290, 294, 298, 504, 549, 550, 554

Con�guration object The object in the MATSim code containing con�guration options. It can
be modi�ed by the con�g �le, but also by other mains, in particular by scripts-in-Java. 549

Contribution An extension contributed by the MATSim community and hosted in the MATSim
repository. See http://matsim.org/extensions. xxxi, 48, 49, 92, 95, 121, 135, 140, 146, 157,

159, 226, 259, 272, 274, 281, 293, 294, 296, 437, 443, 471, 528

Eclipse The standard integrated development environment (IDE) used by the MATSim develop-
ers. 295, 309

Equilibrium A system state where are competing forces are balanced. 7
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Event Small pieces of information reported by the mobsim, describing a simulation object action
at a speci�c time. xxxii, 17, 127, 298, 301–304

Extension Core MATSim uses only a con�g �le, population �le and network �le, corresponding
to the book’s part I. An extension is any code that extends this core MATSim, corresponding
to this book’s part II. They hook to MATSim via the extension points described in Chapter 45.
xxxi, xxxii, 39, 48, 49, 290, 294, 298, 299, 311, 549

Facility An optional element in MATSim to further specify an activity location. 57, 221, 549
Framework A so�ware concept, providing generic functionality and application-speci�c so�-

ware. It is selectively changed by user code. MATSim is currently a framework, but is
developing towards also being useful as a library/toolbox. xix, xx, 4, 188, 302, 303

Geocoding Adding geographic coordinates to locations identi�ed by addresses. 501
Git A free and open source distributed version control system. 292, 295
GitHub A web-based Git repository hosting service, see https://github.com/. 9, 292–294
Google Earth Google’s virtual globe. 13

Identi�er A name that labels an object in a unique way. 12, 77, 78, 299
Iteration Numerical equilibrium search methods, such as MATSim, are iterative. A MATSim run

is thus composed of a con�gurable number of iterations. xix, 11, 16, 550

Java A modern, object-oriented, cross-platform programming language run in virtual machines.
xxxii, 4, 11, 35, 37, 38, 42, 48–50, 56, 59, 61, 62, 78, 120, 210, 219, 220, 225, 226, 231, 254, 255,
267, 285, 290, 292, 293, 298, 299, 303, 309–311, 409, 510, 539, 549–551

Javadoc Source code documentation compiled from javadoc annotations in the source �les. 88,
173, 295

Jenkins A so�ware tool for continuous integration. 295

Large-scale Denoting large, extended simulation scenarios, o�en modeling complete cities, or
even countries. 3, 140, 313, 461, 502

Leg A plan element, part of a trip performed with a speci�c mode. In transport planning, this is
o�en called a stage. 15, 302, 551, 552

Library A set of routines providing services to independent programs. Usually not executable on
its own. 10

Link A network component representing streets. 14
Linux A unix-like operating system released by Linus Torvalds at the end of 1991. 10, 309
Logsum The Expected Maximum Utility (EMU) for a user that has several options. Computed as

the logarithm of the sum of exponential functions. 241, 244

Mac OS The operating system by Apple Inc. developed for their Macintosh computer systems. 10,
309

MATSim run A con�gurable number set of iterations, typically ending with an equilibrium
solution of transport supply and demand. 4, 10, 16, 36, 298, 550

Maven A build automation tool tailored to Java. 10, 66, 259, 292, 294, 295, 297
Microsimulation The modeling of the temporal development of a real-world system, or pro-

cess, by explicitly considering the interactions of micro units such as individuals or vehicles.
For concise de�nitions and further information, see e.g., Miller (1996, Section 2) or Banks
J (2001, p. 3), Bossel (2004) or Orcutt (1957), who is o�en referred to as the inventor of
microsimulation. xxxi, 176, 309, 413, 414, 424, 541, 550, 551

Model A universal concept reducing a real system to the aspects relevant for understanding or
solving a speci�c problem. 327, 551
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Module According to Merriam-Webster (http://www.merriam-webster.com), a module is “one of
a set of parts that can be connected or combined to build or complete something” or more
speci�cally “a part of a computer or computer program that does a particular job”. That is,
“module” is not a very speci�c term, and, in consequence, modules exist in MATSim at many
levels. xxxii, 57, 221, 304, 311

Multimodal Combining di�erent means of transport. 38, 49, 79, 106, 112, 135, 136, 140, 416, 453,
477, 486, 523, 524

NAVTEQ A geographical information system data provider, particularly for navigation maps. 67,
117, 374, 380

Node An element of a MATSim network representing intersections. Note that intersections are
not modeled explicitly in MATSim, i.e., cars do not interact at intersections. 14

Objective function A central element in optimization problems, among others. An objective
function, sometimes also called loss or cost function, is mapping of candidate solutions onto
a real number. 165, 551, 552

OmniTRANS A transport Modeling So�ware Platform. 115
Osmosis Command line Java application for processing OSM data. See http://wiki.

openstreetmap.org/wiki/Osmosis. 62

Plan The agent’s day schedule and, a�er run completion, an associated score. xix, 4, 15, 301

QSim The standard MATSim mobsim. 6, 19, 36–38, 42, 44, 77–79, 106, 135, 191–193, 195, 196,
263–268, 298, 347, 350, 351, 542

Replanning The stage when agents modify their plans. xix, 4, 12, 15, 297, 301, 304, 479, 501, 504

Scenario In MATSim context, a scenario is de�ned as: the combination of speci�c agent pop-
ulations, their initial plans and activity locations (home, work, education), the network and
facilities where, and on which, they compete in time-space for their slots and modules, i.e., be-
havioral dimensions, which they can adjust during their search for equilibrium. xix, xxxi, xxxii,
6, 9, 11, 303

Score A�er execution in the infrastructure, the agents’ day plans are evaluated through an indi-
vidual objective function, the MATSim scoring function. Also see utility. xxxii, 4, 24, 304, 551,
552

Scoring see score. 304
Senozon AG A spin-o� company founded by two core developers of MATSim. xxii, 110, 219, 290,

291, 295, 392, 443, 467, 497, 503, 552
Simulation Evaluating a model capturing the temporal development of a real-world system or

process. 327
Stage A stage is part of a trip, performed with a single mode. In MATSim called leg. 550
Study The basic organizational unit of research in empirical science. Comparable to the experi-

ment in natural sciences. 4
SustainCity A project addressing the modeling and computational issues of integrating mod-

ern mobility simulations with the latest microsimulation land use models, see http://www.

sustaincity.org. 405

Teleportation Moving vehicles from origin to destination, at a prede�ned speed, without consid-
ering interactions in the network. 16, 42, 44, 79, 106, 135, 136, 419, 505

Teleported see teleportation. 105, 374, 375, 380, 386, 525
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Tra�c assignment Traditionally, this is the last step of the four-step model, calculating trip
distribution over the di�erent routes between O-D-pairs. Dynamic tra�c assignment may
additionally consider departure time choices. xxxii

Trip The connection between two activities, composed of multiple legs. 17, 550

UrbanSim So�ware-based simulation system for supporting planning and analysis of urban
development. See http://www.urbansim.org. 283, 284, 405, 495, 540

Utility A central economic concept representing satisfaction through goods consumption. The
MATSim score can be interpreted in utility units. xxxii, 24, 551

Utility function A MATSim agent’s objective function. See also score. xix

Via The Senozon AG visualizer. 19, 47, 292, 392, 443, 445, 446, 450, 483, 526

Windows An operating system developed by Microso�, �rst released in 1985. 10, 309, 310



Symbols and Typographic Conventions

Symbols

Variables

c monetary costs
d distance
t time
U utility variable (V + ε)
V systematic component of utility variable
S score (= the un-interpreted MATSim value)
β utility function coe�cient

β̂ estimated utility function coe�cient
ε random component of utility variable
ϕ replanning share
µ scale parameter of the multinomial logit model

Indices and Subscripts

i index of plans
k index of iterations
n index of agents
q index of plan activities
ℓ index of activity locations/facilities
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Typographic Conventions

The listing-format is used for text that you typically see when you run MATSim, i.e., program
snippets, commands, on-screen computer output, input and output �le names and content, and
con�gurations to be speci�ed in the con�g �le. Larger snippets are shown as complete listings.

... main( ... ) {

// construct the config object:

Config config = ConfigUtils.xxx (...) ;

config.xxx().setYyy (...) ;

...

}

Important passages are emphasized.
Vertical bar | is a separator for mutually exclusive items. For example: “KeepLastSelected |

BestScore | SelectExpBeta”
Math mode, e.g., x = 42 is used for mathematical terms.
Acronyms are given with the abbreviation and the description following in parenthesis

(e.g., MATSim (Multi-Agent Transport Simulation)) on �rst occurrence, later only the abbreviation
(e.g., MATSim) is given.
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Report, Politique scienti�que fédérale - Programme AGORA, SPF Mobilité & Transports,
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Daly, A., G. de Jong, N. Ibáñez, R. Batley and M. de Bok (2008) Welfare measures from discrete
choice models in the presence of income e�ect, in: European Transport Conference (ETC).

de Jong, G., A. Daly, E. Kroes and T. van der Hoorn (2006) Using the logsum in project appraisal,
in: 11th Conference on Travel Behavior Research (IATBR), Kyoto, Japan.

de Jong, G., A. Daly, M. Pieters and T. van der Hoorn (2007) The logsum as an evaluation measure:
Review of the literature and new results, Transportation Research Part A: Policy and Practice,
41 (9) 874–889, doi:10.1016/j.tra.2006.10.002.

de Palma, A. and F. Marchal (2002) Real case applications of the fully dynamic METROPOLIS
tool-box: An advocacy for large-scale mesoscopic transportation systems,Networks and Spatial
Economics, 2 (4) 347–369.

De�orio, F. P. (2011) Simulation of requests in demand responsive transport systems, Intelligent
Transport Systems, IET, 5 (3) 159–167.

Del Rosario, B. T. (2011) E�ects of tropical depression (shanshan),Technical Report,Update Sitrep
No. 13 re, NDRRMC, Quezon City.

DeSerpa, A. (1971) A theory of the economics of time, Economic Journal, 81, 828–846.
Dewals, B. J., A. Mustafa and M. Bruwier (2015) Landuse change and future �ood risk: an integrated

and multi-scale approach, in: 36th IAHRWorld Congress, Del�, June 2015.
Dial, R. (1971) A probabilistic multipath tra�c assignment model which obviates the need for path

enumeration, Transportation Research, 5 (2) 83–111.
Dibbelt, J., T. Pajor, B. Strasser and D. Wagner (2013) Intriguingly simple and fast transit routing,

in: V. Bonifaci, C. Demetrescu and A. Marchetti-Spaccamela (eds.) Experimental Algorithms,
vol. 7933 of Lecture Notes in Computer Science, 43–54, Springer, Heidelberg.

Dijkstra, E. W. (1959) A note on two problems in connexion with graphs, Numerische Mathematik,
1, 269–271.

DIW (2014) Verkehr in Zahlen, Berlin.
DLR (2012) Lu�verkehrsbericht 2011 – Daten und Kommentierungen des deutschen und

weltweiten Lu�verkehrs, Technical Report, Deutsches Zentrum für Lu�- und Raumfahrt
e.V. – DLR, Köln.
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Kickhöfer, B. (2014) Economic policy appraisal and heterogeneous users, Ph.D. Thesis, TU Berlin,
Berlin.
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Röder, D. (2013) Simulation of South African minibus taxis, Master’s thesis, TU Berlin, Institute
for Land and Sea Transport Systems, Berlin. Also VSP WP 13-11.

Röder, D., I. Cabrita and K. Nagel (2013) Simulation-based sketch planning, part III: Calibration
of a MATSim-model for the greater Brussels area and investigation of a cordon pricing for the
highway ring, VSP working paper, 13-16, TU Berlin, Berlin.
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Simini, F., M. C. González, A. Maritan and A.-L. Barabási (2012) A universal model for mobility

and migration patterns, Nature, 484, 96–100.
Simon, P. M., J. Esser and K. Nagel (1999) Simple queueing model applied to the city of Portland,

International Journal of Modern Physics C, 10 (5) 941–960.
Small, K. and H. Rosen (1981) Applied welfare economics with discrete choice models, Economet-

rica, 49 (1) 105–130.
Small, K. A. (2012) Valuation of travel time, Economics of Transportation, 1, 2–14,

doi:10.1016/j.ecotra.2012.09.002.
Smith, L., R. Beckman, D. Anson, K. Nagel and M. Williams (1995) TRANSIMS: TRansporta-

tion ANalysis and SIMulation System, in: 5th National Transportation Planning Methods
Applications Conference, Seattle, WA.

Song, G., L. Yu and Y. Zhang (2012) Applicability of tra�c microsimulation models in vehicle
emissions estimates, Transportation Research Record, 2270, 132–141.

Sparmann, U. and W. Leutzbach (1980) ORIENT: Ein verhaltensorientiertes Simulationsmodell
zur Verkehrsprognose, Working Paper, 20, Institut für Verkehrswesen, University of Karlsruhe.

Speckman, P., D. Sun and K. Vaughn (1998) Synthesizing activity-travel patterns: A resampling
approach, Working Paper, 1, National Institute of Statistical Sciences (NISS), Research Triangle
Park, NC.

Spiess, H. and M. Florian (1989) Optimal strategies: A new assignment model for transit networks,
Transportation Research Part B: Methodological, 23B (2) 82–102.



582 The Multi-Agent Transport Simulation MATSim
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Mobilitätsverhaltens, Schri�enreihe, 1191, Bundesamt für Strassen, UVEK, Bern, CH. Final
Report for Project SVI 2005/004.

Vrtic, M., N. Schüssler, A. Erath, K. Meister and K. W. Axhausen (2007) Tageszeitliche Fahrten-
matrizen im Personenverkehr an Werktagen im Jahr 2000, Research Report, Swiss Federal
Department for Environment, Transport, Energy and Communication, Swiss Federal O�ce
for Spatial Development (ARE), Swiss Federal Roads Authority and Swiss Federal O�ce of
Transport, IVT, ETH Zurich, Zurich.

VSP (2012) Transport Systems Planning and Transport Telematics, Technische Universität Berlin
(TU Berlin), http://www.vsp.tu-berlin.de.

Waddell, P., A. Borning, M. Noth, N. Freier, M. Becke and G. Ulfarsson (2003) Microsimulation of
urban development and location choices: Design and implementation of UrbanSim, Networks
and Spatial Economics, 3 (1) 43–67.

Waraich, R. A. (2012a) A Framework for Modeling the Electricity Demand by Plug-in Electric
Vehicles, presentation, 25th European Conference on Operational Research, Vilnius, July 2012.

Waraich, R. A. (2012b) Impact of vehicle charging on the electric grid in Zurich, presentation at
the 4th MATSim User Meeting, Berlin, March 2012.

Waraich, R. A. (2013) Agent-based simulation of electric vehicles: Design and implementation of
a framework, Ph.D. Thesis, ETH Zurich, Zurich.

Waraich, R. A. (2014) Can Pseudo-Simulation be used for Modelling Parking Search?, presentation,
Brown Bag, Zurich, April 2014.

Waraich, R. A. and K. W. Axhausen (2012) Agent-Based Parking Choice Model, Transportation
Research Record, 2319, 39–46.

Waraich, R. A. and K. W. Axhausen (2013) Integration of optimal charging locations into a trans-
portation energy simulation framework, in: 8th Conference on Sustainable Development of
Energy, Water and Environment Systems, Dubrovnik, September 2013.

Waraich, R. A., D. Charypar, M. Balmer and K. W. Axhausen (2009) Performance improvements for
large scale tra�c simulation in MATSim, in: 9th Swiss Transport Research Conference, Ascona,
September 2009.

Waraich, R. A., D. Charypar, M. Balmer and K. W. Axhausen (2015) Performance improvements
for large-scale tra�c simulation in matsim, in: M. Helbich, J. J. Arsanjani and M. Leitner
(eds.) Computational Approaches for Urban Environments, vol. 13 of Geotechnologies and the
Environment, 211–233, Springer, Cham.

Waraich, R. A., C. Dobler and K. W. Axhausen (2012) Modelling Parking Search Behaviour with
an Agent-Based Approach, presentation, 13th International Conference on Travel Behaviour
Research, Toronto, July 2012.

Waraich, R. A., C. Dobler and K. W. Axhausen (2013a) A parking search strategy equilibrium
model, Working Paper, 914, IVT, ETH Zurich, Zurich.

Waraich, R. A., C. Dobler and K. W. Axhausen (2013b) Simulating parking search, in: 13th Swiss
Transport Research Conference, Ascona, April 2013.

Waraich, R. A., C. Dobler, C. Weis and K. W. Axhausen (2013c) Optimizing Parking Prices Using
an Agent Based Approach, poster presentation, 92nd Annual Meeting of the Transportation
Research Board, Washington, D.C., January 2013.

Waraich, R. A., M. D. Galus, C. Dobler, M. Balmer, G. Andersson and K. W. Axhausen (2013d)
Plug-in hybrid electric vehicles and smart grids: Investigations based on a microsimulation,
Transportation Research Part C: Emerging Technologies, 28, 74–86.

Waraich, R. A., G. Georges, M. D. Galus and K. W. Axhausen (2014a) Adding electric vehicle mod-
eling capability to an, agent-based transport simulation, in: D. Janssens, A.-U.-H. Yasar and
L. Knapen (eds.) Data Science and Simulation in Transportation Research, 282–318, IGI Global,
Hershey.



Bibliography 585

Waraich, R. A., S. Ranganathan and K. W. Axhausen (2014b) The parking game, in: 14th Swiss
Transport Research Conference, Ascona, May 2014.

Wardrop, J. G. (1952) Some theoretical aspects of road tra�c research, Proceedings of the Institution
of Civil Engineers, 1 (3) 325–362.

Watling, D. and M. Hazelton (2003) The dynamics and equilibria of day-to-day assignment models,
Networks and Spatial Economics, 3 (3) 349–370.

Weidmann, U. (1992) Transporttechnik der Fussgänger - Transporttechnische Eigenscha�en des
Fussgängerverkehrs, Literaturauswertung, Schri�enreihe, 90, IVT, ETH Zurich, Zurich.

Weilenmann, M., J.-Y. Favez and R. Alvarez (2009) Cold-start emissions of modern passenger cars
at di�erent low ambient temperatures and their evolution over vehicle legislation categories,
Atmospheric Environment, 43 (15) 2419–2429.

Weis, C. (2012) Activity oriented modelling of short- and long-term dynamics of travel behaviour,
Ph.D. Thesis, ETH Zurich, Zurich.

Weiss, A., M. Mahmoud, P. Kucirek and K. N. Habib (2014) Merging transit schedule information
with a planning network to perform dynamic multimodal assignment: Lessons from a case
study of the Greater Toronto and Hamilton area, Canadian Journal of Civil Engineering, 41 (10)
900–908.

Wiedemann, R. (1974) Simulation des Verkehrs�usses, Ph.D. Thesis, University of Karlsruhe,
Karlsruhe.

Wiethölter, D., D. Bogai and J. Carstensen (2010) Pendlerbericht Berlin-Brandenburg 2009, IAB-
Regional, 3/2010, Institut für Arbeitsmarkt- und Berufsforschung. See http://www.iab.de/

238/section.aspx/Publikation/k100921n04.
Wilson, A. (1971) A family of spatial interaction models, and associated developments, Environ-

ment and Planning, 3 (1) 1–32.
Wilson, P. (2008) Venezuela: Land of 12-cent gas, Businees Week, May 2008.
Winiko�, M. (2005) Jack intelligent agents: An industrial strength platform, in: R. H. Bordini,

M. Dastani, J. Dix and A. E. Fallah-Seghrouchni (eds.) Multi-Agent Programming: Languages,
Platforms and Applications, vol. 15 of Multiagent Systems, Arti�cial Societies, and Simulated
Organizations, 175–193, Springer, Heidelberg.

Wismans, L., R. van den Brink, L. Brederode, K. Zantema and E. van Berkum (2013) Comparison
of estimation of emissions based on static and dynamic tra�c assignment models, in: 92nd
Annual Meeting of the Transportation Research Board, Washington, D.C., January 2013.

WolframAlpha (2012) Wolfram|alpha: Computational knowledge engine, webpage,
www.wolframalpha.com.

Wooldridge, M. (2009) An Introduction to MultiAgent Systems, John Wiley & Sons, Chichester.
Yamada, K., J. Ma and D. Fukuda (2013) Simulation analysis of the market di�usion e�ects of

risk-averse route guidance on network tra�c, Procedia Computer Science, 19, 874–881.
Yamagata, Y., D. Murakami, K. Minami, N. Arizumi, S. Kuroda, T. Tanjo and H. Maruyama

(2015) A comparative study of clustering algorithms for electricity self-su�cient community
extraction, in: 7th International Conference on Applied Energy, Abu Dhabi, March 2015.

Yamagata, Y. and H. Seya (2013) Simulating a future smart city: An integrated land use-energy
model, Applied Energy, 112 (12) 1466–1474.

Yamagata, Y. and H. Seya (2015) Proposal for a local electricity-sharing system: A case study of
Yokohama city, Japan, Intelligent Transport Systems, IET, 9 (1) 38–49.

Yamagata, Y., H. Seya and S. Kuroda (2014) Energy resilient smart community: Sharing green
electricity using V2C technology, Energy Procedia, 61, 84–87.

Yamagata, Y., H. Seya and K. Nakamichi (2013) Creation of future urban environmental scenarios
using a geographically explicit land-use model: a case study of Tokyo, Annals of GIS, 19 (3)
153–168.

Yandex Company (2013) Tra�c jams in Russian cities, webpage, https://company.yandex.ru/
researches/reports/2013/city jams/city jams 2013.xml.



586 The Multi-Agent Transport Simulation MATSim

Yperman, I. (2007) The link transmission model for dynamic network loading, Ph.D. Thesis,
Katolieke Universiteit Leuven.

Yperman, I., S. Logghe, C. Tampere and B. Immers (2006) The multi-commodity link transmis-
sion model for dynamic network loading, in: Proceedings of the 85. Annual Meeting of the
Transportation Research Board, Washington, DC.

Zhang, J., H. J. P. Timmermans and A. W. J. Borgers (2005) A model of household task allocation
and time use, Transportation Research Part B: Methodological, 39 (1) 81–95.

Zhang, J., H. J. P. Timmermans and A. W. J. Borgers (2007) Utility-maximizing model of house-
hold time use for independent, shared, and allocated activities incorporating group decision
mechanisms, Transportation Research Record, 1807, 1–8.

Zhang, K., H. Mahmassani and C.-C. Lu (2008) Probit-based time-dependent stochstic user
equilibrium tra�c assignment model, Transportation Research Record, 2085, 86–94.

Zhang, L., W. Yang, J. Wang and Q. Rao (2014) Large-scale agent-based transport simulation in
Shanghai, China, Transportation Research Record, 2399, 34–43.

Zheng, J. and J. Y. Guo (2008) Destination choice model incorporating choice set formation, in:
87th Annual Meeting of the Transportation Research Board, Washington, D.C., January 2008.

Zhou, X. and J. Taylor (2014) DTALite: A queue-based mesoscopic tra�c simulator for fast model
evaluation and calibration, Cogent Engineering, 1 (1).

Zhu, S., D. Levinson and L. Zhang (2008) Agent-based route choice with learning and exchange of
information, Annual Meeting Preprint, 08-2152, Transportation Research Board, Washington,
D.C., January 2008.

Zhuge, C. (2014) Dynamic evolution mechanism of urban transport-land use based on self-
organizing theory, Ph.D. Thesis, Beijing Jiaotong University, Beijing.

Ziemke, D., K. Nagel and C. Bhat (2015) Integrating CEMDAP and MATSim to increase the
transferability of transport demand models, Transportation Research Record, 2493, 117–125,
doi:10.3141/2493-13.

Zilske, M. and K. Nagel (2015) A simulation-based approach for constructing all-day
travel chains from mobile phone data, Procedia Computer Science, 52, 468–475,
doi:10.1016/j.procs.2015.05.017.

Zilske, M., S. Schröder, K. Nagel and G. Liedtke (2012) Adding freight tra�c to MATSim, VSP
Working Paper, 12-02, TU Berlin, Transport Systems Planning and Transport Telematics.
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The MATSim (Multi-Agent Transport Simulation) software project was started around 
2006 with the goal of generating traffi c and congestion patterns by following indi-
vidual synthetic travelers through their daily or weekly activity programme. It has 
since then evolved from a collection of stand-alone C++ programs to an integrated 
Java-based framework which is publicly hosted, open-source available, automati-
cally regression tested. It is currently used by about 40 groups throughout the world. 
This book takes stock of the current status.

The fi rst part of the book gives an introduction to the most important concepts, with 
the intention of enabling a potential user to set up and run basic simulations.

The second part of the book describes how the basic functionality can be extended, 
for example by adding schedule-based public transit, electric or autonomous cars, 
paratransit, or within-day replanning. For each extension, the text provides point-
ers to the additional documentation and to the code base. It is also discussed how 
people with appropriate Java programming skills can write their own extensions, and 
plug them into the MATSim core.

The project has started from the basic idea that traffi c is a consequence of human 
behavior, and thus humans and their behavior should be the starting point of all 
modelling, and with the intuition that when simulations with 100 million particles 
are possible in computational physics, then behavior-oriented simulations with 10 
million travelers should be possible in travel behavior research. The initial imple-
mentations thus combined concepts from computational physics and complex adap-
tive systems with concepts from travel behavior research. The third part of the book 
looks at theoretical concepts that are able to describe important aspects of the 
simulation system; for example, under certain conditions the code becomes a Monte 
Carlo engine sampling from a discrete choice model. Another important aspect is the 
interpretation of the MATSim score as utility in the microeconomic sense, opening 
up a connection to benefi t cost analysis.

Finally, the book collects use cases as they have been undertaken with MATSim. All 
current users of MATSim were invited to submit their work, and many followed with 
sometimes crisp and short and sometimes longer contributions, always with point-
ers to additional references.

We hope that the book will become an invitation to explore, to build and to extend 
agent-based modeling of travel behavior from the stable and well tested core of 
MATSim documented here. 
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