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Abstract

This study enhances the MATSim Open Berlin Scenario, a multimodal agent-based transport simulation scenario based on synthetic
demand modeling and open data. Shortcomings of the existing model, such as outdated data sources or limited granularity of
activity patterns, are addressed. Another major improvement is the implementation of an automated calibration process, which
not only reduces the time required for manual calibration but also enhances the overall quality of the model. Additionally, recent
advancements, including the integration of commercial traffic and web-based visualization tools, have been incorporated into
the model. The scenario is evaluated using a range of metrics and compared against survey data, travel times from online routing
services, and data from stationary counting stations. The evaluation demonstrates that the model effectively captures personal traffic,
surpassing the previous MATSim Open Berlin Scenario in many aspects. However, achieving the same level of representation for
commercial traffic and transit traffic from outside the study area is challenging due to the lack of detailed data.
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1. Introduction

The Multi-Agent Transport Simulation (MATSim) offers an agent-based platform for modeling and analyzing complex
urban mobility systems. With MATSim, it is possible to model and evaluate the impacts of changes in infrastructure,
pricing policies, and other interventions on travel behavior and the overall transportation system. This information can
then be used to make informed decisions about future investments and policies. Moreover, the open-source nature of
MATSim allows for a high degree of customization and flexibility, making it suitable for a wide range of applications
and research questions [11].
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MATSim originated from collaborative efforts between TU Berlin and ETH Zürich. Consequently, numerous agent-
based transport models of Berlin have been established over the years. In 2006, an initial Berlin model was initiated,
utilizing a road network originally devised by the planning department of the city of Berlin. This early model only
represented car drivers, with a sample size of 10%, resulting in about 205,000 simulated agents [4]. In 2010, a new
model was created using survey data to accurately replicate travel behaviors in the Berlin area, incorporating the
entire public transit network [23]. However, that model was built on proprietary data and thus not publicly accessible.
Subsequently, the MATSim Open Berlin Scenario was introduced in 2017 [29] and later modified and improved [28].
That model was openly available, leading to its widespread use in research and academic studies [14]. As to this date,
it has been referenced in more than 100 published papers. Nevertheless, the existing Open Berlin scenario has its
limitations, some of which are addressed in this paper.

While conventional trip-based four-step travel demand models are still widely used in practice, activity-based
models have gained popularity in recent years. Activity-based models are based on the concept that travel is a de-
rived demand, driven by the need to participate in activities at different locations. In the literature, there are various
methodologies and approaches for generating activity-based demand. One of the early advocates of activity-based
demand modeling is TASHA [21], which has been applied in different regions, including the Greater Toronto Area.
Other notable models include FEATHERS [13] and mobiTopp [18]. The scenario generation pipeline eqasim [10], is
specifically designed for use with MATSim and has been successfully applied in regions in France. It can also be
extended for use in other countries [17]. Many recent developments and improved methodologies in activity-based
demand modeling have not yet been reflected in the OpenBerlin scenario. The contributions of this paper are twofold:
First, we update the data sources and methodologies used in the OpenBerlin scenario to incorporate the latest de-
velopments in the field. Second, we address one of the major challenges in transport scenario creation, which is the
calibration of the model. In this paper, we present an automated calibration approach that reduces the manual effort
required for calibration.

2. Scenario generation and calibration

We have made several improvements to the scenario generation process in order to enhance the quality of the resulting
model. The updated scenario generation process is illustrated in Figure 1, and it is explained in detail in the subsequent
sections.
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Fig. 1: Overview of the updated scenario generation process.

2.1. Road Network & Transit Schedule

Information about the road network is obtained from OpenStreetMap (OSM), which has proven to be a reliable
and freely available source for road infrastructure. The updated network generation process involves first creating a
microscopic representation of the road network for SUMO [15]. Flow capacities on intersections are determined using
microscopic simulation, as demonstrated in [24]. Additionally, this coupling greatly facilitates further studies that
require the use of microscopic traffic simulation, such as studies related to connected and automated driving [24, 27].
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In a mesocopic traffic simulation, traffic lights are typically not modeled explicitly. Instead, the free speed of each
link must account for the delays caused by traffic lights and other traffic signs even in uncongested conditions. The
free speed is determined by combining microscopic simulation and routing data obtained from online APIs [26].

Information about public transit network is imported from the General Transit Feed Specification (GTFS) feed
provided by [1]. The day “2023-06-06” is used as a reference day for the transit schedule.

2.2. Synthetic Population

Population data is obtained from two different data sources for Berlin and Brandenburg. The Kommunalatlas for
2020 [2] provides detailed population data for Berlin with a resolution of 531 zones. For Brandenburg, German wide
census data [3], with a more coarse resolution is used. This is a huge improvement over the old model version in terms
of geospatial resolution in Berlin. These datasets provide the number persons per age group, gender and employment
status living in each zone. Each person is assigned a random home location within their respective zone and a building
classified for residential use (cf. subsection 2.3).

The next step involves assigning daily plains i.e. daily activity patterns to all agents. The original version of the
model used the activity scheduling model Comprehensive Econometric Micro-simulator for Daily Activity-travel
Patterns (CEMDAP) to generate daily plans for each agent [30]. However, two major drawbacks became apparent
over the years: (i) CEMDAP is no longer actively maintained and is therefore based on outdated survey data and (ii)
there is no model specifically for Berlin or Germany. Instead, it uses the same behavioral parameters as a metropolitan
model for Los Angeles. Also, the CEMDAP model contained only five distinct types of activities.

To address these issues, daily activity patterns are now derived from data collected through a travel diary survey
[System repräsentativer Verkehrsbefragungen (SrV); 12]. In order to combine the survey data with the synthetic pop-
ulation (census data), we employ statistical matching [7]. This procedure selects a synthetic person and randomly
matches them with a person from the survey data based on similar attributes. The selected person is assigned all at-
tributes that are not present in the census data, as well as the daily plan of the survey person. Persons are matched by
age groups (0-6, 6-10, 10-18, 65+), gender and employment status. Persons between 18 and 65 are considered similar
if the age difference is not more than 6 years. The daily plan consists of a sequence of activities, each with a start
time, end time, and activity type. Additionally, the travelled distance to the activity location is preserved and used in
the location choice process.

At this stage, the daily plan does not contain any information about the location of the activities, except for the
home location. This information is added in the next step by assigning specific activity locations to each activity in
the plan.

2.3. Location choice

The activity matching process in the updated scenario generation process involves extracting detailed activity
locations from OSM. The previous method relied on Coordination of Information on the Environment (CORINE)
land cover data [5], which lacks precise building coordinates and facility details.

The new approach considers relevant OSM entities such as buildings and Point of Interests (POIs) and assigns
activity types based on specific tags associated with these entities. These extracted activity locations are then used
in the location choice process to determine suitable activity locations that align with the intended purpose of a trip.
Figure 2 illustrates the extracted facilities for shopping, dining, and higher education.

The available activity types align with those in the survey data. The distribution of trip purposes throughout the
day, as depicted in Figure 3, follows expected patterns. Specifically, the morning hours are characterized by trips for
work or education, while the afternoon and evening hours are primarily associated with home or leisure trips.

Exact activity locations are not known from the survey data. Often, many locations fulfill the criteria of having the
correct type and being at the right distance as reported in the survey. To calibrate the choice of locations, the approach
from [28] is kept: each agent is given five plausible plans, where different locations have been selected. Plan selection
is then calibrated against counting data, such that the error is minimized [9, 22].
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Fig. 2: Activity locations extracted from OSM data. Left: Shopping stores. Middle: Dining facilities. Right: Higher education facilities.

Fig. 3: Trip purposes by hour throughout one day. Hours 0-3 with less than 1000 reported trips have been excluded.

2.4. Mode Calibration

A major advantage of the updated scenario generation process is the automated calibration of the mode-specific
Alternative Specific Constants (ASCs). This is also a major improvement over existing scenario pipelines, such as
eqasim [10], where manual calibration is still necessary to fine-tune the obtained mode shares.

MATSim utilizes a co-evolutionary algorithm, where agents maximize their utility over multiple iterations. In each
iteration, a plan is executed and scored. Some agents select a known plan from their memory based on its utility,
while others try out new plans by changing the mode of transport. The utility of a plan is computed by summing up
all activity utilities plus all travel (dis)utilities [11, p. 26]. The travel disutility of using a certain mode is given by its
attributes, such as travel time, costs, distance, etc. plus an ASC. The ASC is a constant that is added to the utility of
a mode to account for additional factors that are not explicitly modeled. Since utilities are relative to each other, one
ASC needs to be fixed (usually at zero), otherwise there would not be a unique solution.

We calibrate the mode-specific ASCs using the following approach: After the simulation finished, the mode shares
of all relevant trips are collected. Let zi be the observed mode share for mode i and mi the simulated mode share. The
ASCs are then adjusted by ∆i using the following formula:

âsci = asci + ln zi − ln mi − (ln z0 − ln m0)︸                              ︷︷                              ︸
∆i

(1)

where z0 and m0 refer to the mode with fixed ASC.
The calibration process is iterated until the mode shares converge with the observed values, i.e., the absolute

difference in percentage points falls below a certain threshold. For the derivation and mathematical background of the
formula refer to the supplementary material [25].
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Table 1: Mode parameter and comparison of simulated and reported mode statistics. Trip speed and distance refers to the average across all trips of
a certain mode. Reported data is based on [SrV; 12].

Config Parameter Share [%] Speed [km/h]

Mode of transport ASC [e /km] [e /day] sim. ref. sim. ref.

Car −0.53 0.149 5 19.93 20.07 23.52 22.25
Ride −1.24 0.149 - 5.94 5.96 25.62 22.78
Public transport 0.40 - 3 26.97 26.51 14.78 14.10
Bicycle −1.35 - - 17.81 17.79 11.31 10.30
Walk 0 - - 29.35 29.68 4.44 4.43

2.5. Further improvements

The cost parameters have been updated to 2022. The cost of public transport is now set at 3 EUR per day, which
corresponds to the average cost of a yearly ticket (761 EUR) divided by 250 working days. The updated parameters
and resulting (= calibrated) ASCs are shown in Table 1. The ride mode (i.e. passenger on a car that is not the driver)
incurs the same distance costs as driving a car, plus an additional time costs, to account for the opportunity costs of
the driver. For a detailed explanation of how these costs are calculated, refer to [19].

Trips induced by commercial traffic are not represented in the survey data, however they constitute for a significant
portion of car traffic. To model this part more accurately recent approaches for long-haul freight [16] and small-scale
commercial traffic have been incorporated [8]. The generation of commercial traffic is based on structural data, such as
population and employment figures, to create realistic routes. The model is divided into two main segments: commer-
cial person traffic and freight traffic. Each segment serves a different transportation purpose and utilizes appropriate
vehicles for their respective operations.

By utilizing SimWrapper [6], a web-based application, the model output can be visualized, inspected, and shared
more effectively. SimWrapper has been seamlessly integrated into the model workflow, generating user-friendly dash-
boards with each model run.

3. Results and discussion

The automated calibration procedure described in subsection 2.4 performs a whole simulation run and iteratively
adjusts the ASCs to match the simulated and reported mode shares. The calibration process converges to a stable
solution after a few runs as demonstrated in Figure 4.

Fig. 4: Mean absolute error between simulated and reported mode share (left); Cumulative distribution of trip durations (middle); Trip distance
distribution (right). All figures refer to persons with a home location in Berlin.

The scenario has also been evaluated in terms of various other metrics, based on the reference data [12], which are
shown in Table 1.

The modal split is closely aligned with the survey data. The mean absolute error for all modes is below 0.5 per-
centage points, indicating a substantial improvement compared to the previous model. In the previous model, manual
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calibration was necessary, and the mean absolute error was reported to be as high as 1.4 percentage points (cf. [28, p.
875; Table 3]). Also, the trip travel time and distance distributions (shown in Figure 4) are in line with the reference
data. Especially the trip distances are now much closer to the reference data compared to the previous model based on
CEMDAP. A discrepancy in simulated speeds is observed for the car and ride modes. For the survey the whole trip
duration needed to be reported, which includes access and egress to the car and in particular parking time. As parking
search is not included in the model, the car speeds are generally too high, however the negative ASCs of these modes
will account for these effects.

While the above comparison is based on survey data, the car travel times have also been evaluated against online
routing services. For this purpose, 1000 routes have been randomly sampled and the expected travel time and distance
queried from the routing service of Google Maps, HERE, TomTom and Mapbox. This has been done for different
times of the day. Aggregating the results of these services gives a minimum and maximum expected travel speed,
which can be compared against the simulated car speeds. The results are shown in Figure 5 (left).

Fig. 5: Mean car speed and reference speeds obtained from online APIs (left); Distribution of departure times throughout the day (middle); Measured
vs. simulated daily traffic volumes, categorized by OSM road type (right).

The plot illustrates that the car travel speed is well within the plausible range. Additionally, the model accurately
captures the drop in speed during peak hours. However, it is worth noting that the speed increases again in the middle
of the day, which is not observed in the reference data. The distribution of departure times throughout the day is
depicted in the middle plot of Figure 5. Clear morning and evening peaks can be observed in both the model and the
reference data.

To compare traffic counts, we utilized data from the local traffic management authority. The traffic counts for
an entire year 2018 were aggregated into daily traffic volumes, considering only weekdays. Analyzing the traffic
counts shown in the right plot of Figure 5, it is evident that the daily simulated traffic volumes are generally too low,
particularly on motorways. There could be several reasons for this discrepancy. Firstly, the survey data focuses only
on individual traffic. Although commercial traffic is included, it is based on much older and less detailed data. For
instance, very little is known about the types of vehicle in use, their load, empty runs, etc. Without this information it
is difficult to estimate the total vehicle kilometers driven. Other types of traffic that are missing include transit coming
from outside of Berlin/Brandenburg and any tourist activities.

To summarize, the evaluation demonstrates that the model effectively captures individual traffic, which accounts
for the majority of the traffic in Berlin. Several key metrics are represented more accurately than in the previous model
version. The availability of detailed survey data allows for a comprehensive understanding and modeling of individual
traffic. However, the model currently lacks the same level of representation for commercial traffic, which is the same
limitation as in the previous version of the Open Berlin Scenario.

4. Conclusion and Outlook

Although there have been significant advancements in agent-based transport models, there are still areas where
further improvements can be made. Most notably, even the updated model relies on data that precedes the COVID-19
pandemic. The pandemic had a significant impact on mobility behavior and the model should be updated to reflect
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these changes as soon as more recent survey data becomes available. Due to more streamlined scenario generation and
automatic calibration, this should be easier to achieve than in the past. Other areas for improvement, as highlighted
by [20], involve weekly activity modeling and capturing intra-household interactions. The possibility to model these
aspects is currently limited by the available survey data. Similarly, the representation of commercial traffic is hindered
by the lack of detailed data.

Lastly, calibration and validation of location choice remains a significant challenge, as essential data on facility
visitation is often unavailable and proprietary. Further improvements may require exploring alternative data sources,
even if not openly accessible.
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