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Abstract

The freight traffic plays an important role in the agent-based transport simulation models. Compared to the commuter traffic, the

freight traffic receives relatively less attention. This study aims to bring freight traffic into the spotlight of the traffic simulation.
In this study, the German-wide long-haul freight traffic is generated based on reliable and open-source data in the context of an
agent-based model. The outcome of this study can be applied to any of the simulation scenarios within Germany. In addition, it can
also be used as a full scenario for studies on logistics and sustainable solutions for goods delivery.
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1. Introduction

Freight traffic is an important part of the transportation system. According to the statistics, 76.1% of the goods are
transported by road (i.e., with trucks) within Europe in 2019 [4]. In Germany, heavy goods vehicle alone contributes
to 17% of the traffic count on the freeways and highways[1]. Freight traffic also contributes to one third of CO2
emission from the road traffic[5]. Meanwhile, in the field of agent-based transport modeling, most of the focus up till
now are on the car traffic in the cities. For example, in one widely used agent-based simulation platform, MATSim,
there are already scenarios for cities all over the world, including Berlin [15], Paris [9] and Zurich [8]. In most of
these scenarios, however, the focus is the daily commute trips inside the cities. The freight trips are either excluded or
synthesized based on simple algorithms. In order to improve those models, it makes sense to include better modeled
freight traffic. In addition, a well-modeled freight traffic is also essential for a more realistic analysis on the traffic
congestion and the environmental impact of the traffic system.
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There are mainly two types of the freight trips: long-haul trips and short-distance trips. The long-haul trips refer to
the freight trips that run between different cities, regions or even nations. They are usually carried out by larger trucks
and will travel from and to freight hubs located in the industrial or commercial area. The major part of the trips are
on the freeway or major roads. The short-distance trips are the freight trips that travel within cities or regions. The
composition of short-distance freight trips are usually more complex and there can be different kind of trips.

One can argue that the line that distinguish long-haul and short-distance trips is rather ambiguous. For example, a
truck that carry goods for a supermarket may depart from a rural region and visit several supermarkets in a city. In this
case, the trip has the characteristics for both long-haul and short-distance trips. In order to distinguish the two types
of trips more systematically when generating the freight traffic in the agent-based simulation platform, we rely on the
aggregation level of the data source. The trips that are generated based on data that focus on the amount of the good
flow among different regions or cities are considered as long-haul trips. The freight traffic that are generated based on
more detailed data within a given study area (e.g. cities or regions) belong to the short-distance trips.

In this study, we will focus on the long-haul freight trips for the whole German network. This is a good starting
point, as long-haul freight trips are less complex than the short-distance trips. Meanwhile, it is also more general
applicable to various scenarios within the scoop (in this case within Germany).

Contribution: A German-wide long-haul freight traffic based on open data is generated in the context of an agent-
based transport simulation environment, namely MATSim [7]. The German-wide model can be used, possibly with
a simple extraction process, on any of the scenarios within Germany. In addition, the model can also be used for the
national-scale freight transport studies.

2. Generation of German-wide long-haul freight traffic data
2.1. About MATSim

The Multi-Agent Transport Simulation (MATSim) [7] is used in this project to materialize the freight traffic in
an agent-based model. MATSim is a widely used open-source framework' for implementing large-scale agent-based
transport simulations. It is capable of simulating very large network and population while maintaining a relatively
high level of details. One iteration for a city wide (or even nationwide) network with tens of thousands of agents and
different modes of transport can be simulated within hours. This characteristic makes MATSim a suitable environment
to accommodate the German-wide freight traffic and relevant studies.

2.2. From open data to German-wide long-haul freight traffic in agent-based transport model

In order to generate German-wide long-haul freight traffic, we use the open data from the German Federal Ministry
for Digital and Transport (BMVI) [2] and the German Federal Highway Research Institute (BASt). In addition, the
Open Street Map [14] is used to generate the German-wide major road network. The data are both open and with high
reliability. The freight traffic is first created based on the Verkehrsprognose 2030 [3] project data created by BMVL
The data quantify the amount of goods flow between any two regions inside Germany based on the Nomenclature
of Territorial Units for Statistics Level 3 (in short, NUTS 3 regions, see figure 1a), as well as international freight
trips that starts or terminates in Germany. We then map the data to the German-wide major road network (see figure
1b), which contains all the freeway (Autobahn) and Federal highway (Bundesstrae). Finally, the freight traffic is
optimized against the traffic count data available on the BASt website [1].

Reading the data. The data from the Verkehrsprognose 2030 project contains detailed information on the domestic
and international freight. The amount of goods transported (in tons) between different regions, the type of the goods
and the mode of transport are all included. Each relation is divided into 3 different runs: pre-run (Vorlauf), main run
(Hauptlauf) and post-run (Nachlauf). While the main run is always present in any of the relations, the pre-run and the
post-run are optional. The division makes it possible to consider the multi-modal freight trip as one single trip. For
our project, however, we treat the sub-trips as independent trips, as we only focus on the freight transported with road

! https://github.com/matsim-org/matsim-1ibs/ and https://matsim.org/
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(a) Nomenclature of Territorial Units for Statistics Level 3 (NUTS 3) regions  (b) The German-wide major road network (including freeway and highway)
within Germany

Fig. 1: Creating the German-wide freight long-haul transport

vehicles (i.e., trucks). After re-structuring the trips in the data, we then extract all the freight trips that are carried out
by road vehicles.

For the domestic freight flows, the Verkehrsprognose 2030 data is based on the NUTS 3 level regions. We can
calculate the average daily number of trucks traveling between any two regions based on the amount of the goods
transported between those two regions per year. Dividing the amount of goods transported between two regions by
number of working days and the average load of a truck, we can get the daily average freight trips that are made
between those two regions. The average number of working days are relatively easy to determine. The average load
of a truck, on the other hand, is not as straight forward. First, there are different type of goods with different density.
Second, the actual load on a truck can vary significantly. The trucks can be fully loaded, partially loaded or even empty.
These two factors will lead to very different weights even with the same type of the truck. To make the problem even
more complicated, the types of trucks running on the roads also varies. As a result, it is difficult to come up with very
accurate values based on the available data. Because of this, we will not distinguish the type of goods or vehicle types.
Instead, we treat all the goods and vehicles as uniform type. That means, for any two regions, we will sum up the
total amount of goods flow and then divide it with a single average load of vehicle. The traffic count data will be used
to adjust the value of average load, such that the difference between the generated data and the actual count data is
minimized.

Determine the departure and arrival location with land use data. After the conversion from the goods flow to the
number of trucks is set up, we need to determine the exact departure and arrival location within a zone of each freight
trip for the agent-based model. The land use data is used to determine the departure and arrival location of the freight
trips within the NUTS 3 level regions. The land use data is generated based on Open Street Map with an open-source
tool Geofabrik [6]. For the freight trips, we choose “industrial”, “commercial” and “retail” as the relevant land use
types. The freight trips will start or terminate inside the area with relevant land use type. By doing so, the freight trips
that originate or terminate in a residential area or in the middle of nowhere can be avoided. As this model is meant to
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be open-sourced, the level of detail is restricted by the open-source data. When more detailed information about the
origins and destinations of the freight trips is available (e.g., location of the freight terminals), the model can be easily
adapted by replacing the open source land use data with a more detailed data.

Adapting international trips. In addition to the freight trips that travel within Germany, there are also international
freight trips. The Verkehrsprognose 2030 data contain the information for all the cross-border trips that originate or
terminate in Germany . The origin or destination location within Germany are also based on NUTS 3 level region.
The locations outside Germany are based on region system with lower resolution (e.g., NUTS1, NUTS 2). The farther
aregion is away from Germany, the lower the resolution will be. As the network we used for the model is a German-
wide network, we will modify the international trips by extracting the trip segments that are within Germany. For
an international freight trip, we assign the border-crossing point based on the orientation of the origin/destination
region outside Germany . The trip segment between the border-crossing point and the destination/origin region inside
Germany will be kept. The rest part of the trip will be trimmed. For example, Spain is to the southwest of Germany.
The trip coming from or going to there is likely to enter or exit Germany on the southwestern border. Then, we keep
the trip segment between the southwestern border of Germany and the destination or origin inside Germany and use
this trip segment to represent the trip traveling from or to Spain. This determination of the orientation of international
regions towards Germany is carried out manually and the summarized data is openly available.

Calibration against traffic count data. By the steps described so far, all the data entries in the Verkehrsprognose 2030
can be converted to freight trips in an agent-based model. As mentioned above, we use the traffic count data from the
BASt is used to determine the number of trips. From the BASt website, the complete counting data is available. We
extract the locations of all the counting stations on the freeway and Federal highway and map them to the German-
wide network. Since we are generating long-haul freight trips, which are mostly carried out with heavy trucks, we will
use the heavy goods vehicle (HGV) count in the counting data. For trips traveling between two given regions, a route
can be calculated on the German-wide network. The route will pass through the counting stations and will contribute
to the traffic count. By varying the average load of a truck, the number of trucks that travel between the two regions
will vary. This will then change the traffic count for each of the counting stations along the route in the model.

In order to determine the freight traffic that is most representative to the reality, we try to minimize the total absolute
error between the traffic count in our model and the traffic count data from the BASt. Equation 1 shows the objective
function that we want to minimize:

mxinz le; — Z(nj -a;j)| forVi € Counting Stations, j € OD pair (D
i J

¢; is the HGV count at counting station i and 7, is the number of freight trips that travel between the origin-destination
pair (OD pair), which includes the modified international trips. The term «;; € {0,1} is a decision variable that
determines whether the trips of OD pair j contribute to the traffic count at counting station i. For each OD pair j, we
can calculate the route on the German-wide network. The route can be considered as a set of road segments. If the
road segment where counting station 7 locates is contained by the route for the OD pair j, then the route will contribute
one unit of traffic count for each vehicle that travels along the route (i.e., @;; = 1). Otherwise, no traffic count will be
contributed (i.e., @;; = 0). The value of n; is determined by equation 2, where x is the average load of the truck and L;
is the total amount of good flow for the OD pair based on the data.

sit. nj=Lj/x 2)

By solving this optimization problem, we can find the optimal x (average load of trucks) that minimize the dif-
ference between generated traffic and the reality. Note that, in this optimization process, we simplify the problem by
assigning all the trips that travel between two given regions (i.e., an OD pair) a same route. This is possible because
the traffic counting stations are on the freeway and highways, and the exact locations of the origin and destination of
the trips within the respective regions do not impact the traffic count significantly. Therefore, we can approximate the
routes of all the trips traveling between the two given regions with the route that connects the road segments that are
closest to the centroid of the origin and designation region respectively.
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Generating freight trip in agent-based model. In MATSim, an agent performs a sequence of activities during the
simulation time horizon (usually a day) based on his/her plan. If two subsequent activities are performed at different
locations, the need to be connected by a trip. The departure time of the trip is the ending time of the former activity.
The departure location is the location of the former activity, and the destination of the trip is the location of the later
activity.

The agent can be created to represent a real person in the reality or it can be used simply as a trip creator. In this
project, we will treat the agent as the trip creator, because the truck driver’s behavior and the operational model of the
freight company require more detailed information, which we do not have . In our case, to generate one trip in the
agent-based model, we just need 2 dummy activities and a leg in between for each agent. The first dummy activity is
happening at the departure location of the freight trip and the second dummy activity is happening at the destination
location of the freight trip. For the departure time of a trip, a random time during the day is assigned since there is no
information in the open data. When a more detailed data is used, the departure time of the trips can be adjusted based
on a proper distribution.

The conversion from the annual amount of goods to daily number of trucks can lead to non-integer values and
values below one. To adapt these non-integer values into the agent-based model, we use the probability interpretation.
For the non-integer part of the value, we interpret it as the probability of having one (additional) trip. For example,
from region A to region B, there are 4.3 trips per day on average. Then we will first generate 4 trips from region A to
region B. Then there is a 30% of probability of having another trip from region A to region B. This also applies to the
OD pair with number of trips below 1.

2.3. Extracting data for a given scenario

The plans file for the German-wide long-haul freight trips can be added directly to the MATSim scenario where a
German-wide network is used. For many MATSim scenarios in in Germany, however, a smaller but denser network is
used (for example in Berlin scenario). In that case, the plans need to be extracted before adding it to the scenario.

To extract plans, we need the network for the scenario where the long-haul freight trip is to be added and the study
area (in the format of shape file) of the scenario. First, we overlay the study area onto the German-wide network
from the freight model. Then we can categorize the freight trips into four different categories: (1) both origin and
destination within the study area, (2) either origin or destination within the study area, (3) the route passing through
the study area, (4) not touching the study area at all. The first three types of freight trips are relevant to the scenario,
and we will extract them from the freight trips model. For the trips with both origin and destination within the study
area, no adjustment is required, and the trips can be directly added to the scenario. For the trips with segments outside
the study area (i.e., type 2 and type 3), we will perform the trip trimming process, which is similar to the international
trip trimming.

To trim the trips with segments outside the study area, we will first calculate the route for the trips on the German-
wide network. The intersection between the route and the boundary of the study area will be the location where the
trip will enter and/or exit the study area. The trip can then be divided into different parts. We will take the trip segment
within the study area and discard the rest of the trip segment(s). In addition to the location of the trips, the departure
time of the trips whose starting point is changed to the boundary of the study area will also be adjusted. The departure
time of such trips is delayed by the time it takes to travel from the original starting point of the trip to the enter point
of the study area.

3. Results

After applying the whole process, we reach 654,396 long-haul freight trips throughout the Germany for a normal
working day. This is based on an average truck load of 16 tons, which is determined by the calibration process
mentioned in the section 2.2. The freight plans, the scripts as well as the open-source raw data are all openly available
and can be easily adapted to different studies or reproduced based on custom data 2.

2 https://svn.vsp.tu-berlin.de/repos/public-svn/matsim/scenarios/countries/de/german-wide-freight/
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In figure 2a, the freight trips is shown on the German-wide network. Each semi-transparent line in the figure
represent one single trip. For a better visualisation effect, we show 25% of the total freight trips in the figures. To
demonstrate the extraction process, a geometry (shape file) representing the dummy study area is fed to the script
and the extracted freight trips are shown in figure 2b. Note that, the departure and arrival locations of all the trips are
within or on the boundary of the given geometry. This means the trips can be easily mapped to a smaller and denser
network for the study area.

(a) The German-wide freight traffic. (b) Ilustration of the extraction process

Fig. 2: Results

The German-wide long-haul freight model has already been applied to various open scenario in Germany. The
Diisseldorf scenario [12] (based on the KoMoDnext project [11]) and Kelheim scenario [13] (based on KelRide project
[10]) are two examples. The added long-haul freight trips help to increase the representativeness of the scenarios to
the reality.

4. Conclusion and Outlook

In this project, a German-wide long-haul freight traffic is created in the context of agent-based traffic model based
on reliable and publicly available data. The generated trip data as well as the scripts are all open-sourced and can
be easily adapted to different scenarios within Germany. When more detailed information or project-specific data is
available, users can also adapt the scripts to the data and re-generate the freight traffic according to their need. The
German-wide freight model in this project is also a very suitable testbed for studies on logistics, environment impact
of freight traffic as well as nation-wide sustainable freight system.

As this is the first version of the German-wide long-haul freight trip model, there are also several aspects that can
be improved or further developed. For example, the departure time of the freight trips, the freight vehicles composition
and loading condition of the freight vehicles for different types of goods are all simplified in the current model. In
addition, the operational aspects of the freight traffic are also not included in this model. For example, the exact
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locations of freight terminals or hubs and the driver-vehicle rotation can also have impact on the pattern of the freight
trips in the network. As a more complex model will require more detailed information and data-processing, this calls
for further studies. Meanwhile, thanks to the open-source design, users of the current freight traffic model, who are in
need of a more sophisticated model, can feed in the data they have and sacrifice the open-source label in exchange for
a more detailed model.
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