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ABSTRACT

Policymakers and decision makers are often unable to
estimate the impacts and interdependencies of new
transportation concepts. Methodological approaches do
not include macroscopic ex-ante assessments of new
technological and economic concepts. That is why a new
method called the VLVI method has been developed at
Otto von Guericke University and the Fraunhofer
Institute for Factory Operation and Automation IFF in
Magdeburg. Based on a large number of key
performance indicators (KPI) that describe transportation
infrastructures and their processes, the method maps
various effects in and between freight transportation
systems. The uncertainty of predictions is factored into
the model by integrating Monte Carlo simulation. One
comparative indicator with a confidence interval is
calculated for every concept assessed with this method,
thus specifying a concept’s impact on the German
transportation system.

Keywords: Monte Carlo simulation, decision support,
indicator-based approach, freight transportation system

1. INTRODUCTION

An efficient freight transportation system is fundamental
to a country’s economic growth and prosperity (Daehre
et al. 2012). Germany’s location in Central Europe and
German companies’ substantial exports intensify this
reliance (Schenk et al. 2014). According to the Logistics
Performance Index (LPI), which shows the efficiency of
logistics by a survey among leading logistics experts,
Germany is ranked first in 2016 (Arvis et al. 2016).
Regarding the infrastructure, however, Germany is only
in the eighth place in the evaluation of the
“infrastructure” pillar of the Global Competitiveness
Index (GCI), tendency declining (Schwab and Sala-i-
Martin 2016). This development was already shown by a
federal and state commission established in 2012 that €
7.2 billion is lacking every year for the renewal
infrastructure and deferred investments (Daehre 2012).
This makes it even more important to predict the impact
of transportation policy decisions and technological
innovations on the transportation system in advance
(Holmgren et al. 2014). Yet expert’s opinions on new
concepts’ impacts often diverge. For instance, the impact
of the introduction of a special type of long combination
vehicles (LCVs) on German roads is a topic of vigorous
debate at present. Instead of 100 m3, this LCVs haul

150m3, their maximum total weight being limited to 40
tonnes (or 44 tonnes intermodal transportation), though.
Advantages of LCVs are their lower axle load and their
larger freight volume’s reduction of daily runs (bast
2016). At the same time, consequent shifts from rail to
road transportation are feared. LCVs could haul freight
in the future, which has been forwarded by freight trains
(Sonntag and Liedtke 2015), and thus increase the trucks’
number of daily runs. The impact of the introduction of
LCVs on the freight transportation system can hardly be
assessed without a sound method of analysis.

Such a method should be able to incorporate as many of
the long-range impacts of technological innovations in
its assessment as possible. Since simulation models can
depict the dynamic behavior of systems (Reggelin and
Tolujew 2011, Fierek and Zak 2012, Sokolowski and
Banks 2009) they are a suitable addition for the
approach method, which should be developed here.

2. MODELING IN THE TRANSPORTATION
SECTOR

Simulation is defined as a controlled statistical sampling
technique (Fierek and Zak 2012, Hillier and Lieberman
2001), which carries out a series of experiments using a
computer. Various input data is transformed into a set of
output data by estimating the effect of data to the
simulation model, which describes the operations of the
real system (Fierek and Zak 2012). Simulation models in
the transportation sector generally are algorithmic
mathematical models, classifiable by their purpose and
degree of detail (Reimann 2007).

Regarding the purpose a distinction is made between
demand, assignment models and flow models. Demand
models forecast transportation demand and are usually
static, while assignment models assign generated
demand data to an existing transportation network and
generate line load data. Flow models are time dynamic,
i.e. the system state changes dynamically with time and
is calculated at certain intervals.

Simulation models can also be classified as microscopic,
mesoscopic or macroscopic according to their degree of
detail. Microscopic models usually incorporate not only
individual units in the transportation flow with their
performance and interactions among each other but also
the transportation environment like traffic lights and
intersections (Bungartz et al. 2009, Liebermann and
Rathi 1997, Fierek and Zak 2012). Macroscopic models
describe all vehicles of a transportation network or

Proceedings of the Int. Conf. on Harbor Maritime and Multimodal Logistics M&S, 2017 45
ISBN 978-88-97999-87-4; Bottani, Bruzzone, Longo, Merkuryev, and Piera Eds.


mailto:laura.baumann@iff.fraunhofer.de
mailto:fabian.behrendt@iff.fraunhofer.de
mailto:niels.schmidtke@ovgu.de

system as a uniform traffic flow with characteristics like
volume, speed and density (Bungartz et al. 2009,
Liebermann and Rathi 1997, Fierek and Zak 2012).
Mesoscopic  models combine  microscopic  and
macroscopic approaches (Reggelin 2011). Since they can
represent large networks with vehicles as individual
elements, they are mainly used for routing and traffic
control.

Extensive literature covers general methods pertaining to
the transportation sector and traffic trends in particular.
Most tools are applied microscopically and
mesoscopically, while macroscopic tools are rare
(Behrendt 2016).

Cost-benefit analysis (CBA) is one of most widely used
methods to evaluate new transportation infrastructure
projects macroscopically. It only evaluates monetizable
items, non-monetizable items being treated in separate
(environmental) analyzes (BMVI1 2016b). That is why
(Gihnemann et al. 2012) introduce the results of a CBA
to a multiple-criteria decision analysis (MCDA) by
involving decision makers in the development of a cost-
effective investment program consistent with strategic
objectives. Even (Macharis and Bernardini 2014) use
MCDA in connection with a multi-actor approach for the
evaluation of transportation concepts in urban and
regional areas. Unfortunately, only transportation
infrastructure projects are evaluated and the impact of
new financing instruments (e.g. truck tolls) and
technological innovations are not taken into account.
This is the point of departure for a novel approach that
compares new proposals and the advantages of new
actions and concepts, which was developed jointly by
Otto von Guericke University and the Fraunhofer
Institute for Factory Operation and Automation IFF in
Magdeburg, Germany.

Classification of the Presented Evaluation Tools

stochastic

(v

CBA MCA

Modal characteristics

deterministic

Monetizable Effects Non-Monetizable Effects

Evaluation level

Figure 1: Classification of Tools for the Assessment of
Transportation Concepts including SimVLVI

This static, deterministic model called the VLVI tool is
being upgraded with simulation components in order to
incorporate stochastic elements in the modeling (Figure
1).

3. VLVI METHOD: DESCRIPTION AND

INTEGRATION OF RANDOM SIMULATION
The VLVI method enables ex-ante assessments of future
scenarios that will affect the German transportation
system’s infrastructures and processes (Behrendt 2016).
The model integrates key performance indicators (KPIs)
in causal networks (Figure 6), which represent the
relationships between the KPIs. Combined with a set of
specific KPIs (based on the scenario), the method models
the future impacts of political policies and technological
innovations. A procedural model consisting of five
procedural steps (Figure 2) is used to perform the ex-ante
assessment.

Procedure Steps of VLVI Method
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Figure 2: The Steps of the VLVI Method (Behrendt 2016,
Schmidtke and Behrendt 2017)

Within the first two procedure steps a classification of
KPIs is compiled and analyzed by means of a relevance
analysis to determine their relevance and importance
(weighting factors) towards defined objectives. For the
approach presented the objectives of the German national
infrastructure plan, so called “Bundesverkehrswegeplan”
(BMVI 2016b) are used. An additional impact analysis
identifies relationships between all relevant KPIs in order
to develop causal networks of KPIls, one for each
transportation mode (road, railroad and waterway).
Regarding the ex-ante assessments of future scenarios
and based on historical data, all KPIs are forecasted by
using appropriate forecasting methods such as linear
regression analysis or exponential smoothing. As a result
the method analyzes influencing factors on the German
transportation system by using a specific calculation
schema and its comparative indicator named “VLV-
indicator” (VLVI). A more detailed description and
application of the VLVI method is given in Chapter 4 by
the case study “Introduction of Long Combination
Vehicles”.

Since the VLVI method does not factor in concepts’
uncertainties regarding the mentioned case study, a
static, stochastic model was developed to create
SimVLVI.

3.1. Stochastic Modeling

The inclusion of randomness is the underlying idea of
stochastic modeling. One of the basic approaches, Monte
Carlo simulation (Nahrstedt 2015) employs random
number generators to generate data from specific
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stochastic distributions. Every computation generates a
different output based on the random input. The output is
utilized to simulate sampling of an infinite base
population. The required sample size is definable by
methods of inductive statistics (Chapter 4.4) and is a
function of the confidence level preferred. Statistical
inference is employed to estimate the sample statistics
and transfer them to the base population. This delivers a
random model describing the system’s uncertainty with
a corresponding confidence interval.

Calculation Schema

KPI K, . KPI K,
Forecast ’?cenario Forecm @nario
X

X Transportation Mode Indicator
(Road, Railroad, Waterway)

X
5 Modal Split

VLV Indicator

(Comparative Indicator)

D = Monte Carlo simulation possible

Figure 3: Basic Calculation Schema of the VLVI Method

The core of the VLVI method is its calculation schema
(Figure 3). Weighted KPIs (weighting results from
relevance analysis) changed by the scenario are
aggregated in indicators that specify the scenario’s
impact on transportation modes. Multiplying the totaled
indicators by their modal split yields a comparative
indicator referred to as the VLVI. It specifies the pros and
cons of changes to a system in a weighted percentage.
Various stochastic simulations (shaded in Figure 3) can
be applied in the method to vary the scenario values or to
employ variable rather than static weighting. The
following examines variable scenario values of the
impact of LCVs on the German transportation system.
The analysis of the case study follows the five steps of
the VLVI method.

3.2. Validation

For the validation of the VLVI method an ex-post
analysis has been realized. The introduction of an
electronic truck toll system in 2005 provides a suitable
scenario. Since 2005 trucks heavier than 12 tonnes have
to pay toll (a distance dependent charge) for using
German highways (VIFG 2015). This method should
enhance the financing situation of infrastructure by
shifting to a user financing principle (Doll and Schade
2005). Two scenarios for the analysis year 2005 were
developed:

1. In 2005 a revenue of € 2.8 billion per year was
expected due to the new truck toll, which should
be reinvested in the German road infrastructure
by 40% (Doll and Schade 2005). These
expected revenues raise the KPI “gross fixed
assets” as well as the KPI “net fixed assets” and

set appropriate scenario values for the forecast
year 2015. The VLVI method calculated a
positive effect for 2015, which could not be
seen in reality. Taking into account the
simultaneous decrease of tax financing (general
budget for transportation infrastructure) in the
following years this discrepancy is explainable
(Bernecker and Fichert 2013).

2. The real data, KPIs measured in
“Transportation in Figures” which is published
each fall by the Federal Ministry of Transport
(BMVI 2016a), was set as scenario values. As a
result a loss of economic substance for the
German transportation system was calculated,
which is congruent to the results of the federal
and state commission work (Daehre 2012) and
confirms the representation accuracy of the
VLVI method.

4. CASE-STUDY: INTRODUCTION OF LONG

COMBINATION VEHICLES IN GERMANY
In many European countries new truck concepts are
debated or put already into practice. In Sweden for
example, trucks with a length extended to 25.25m are
common, while trucks on roads in Germany were limited
to 18.75m (Figure 4). In 2012 a field trail with long
combination vehicles (LCV) started investigating the use
of vehicles and its combinations with a length of up to
25.25m in Germany. This field trail was initially limited
to a period of five years and was accompanied by a
comprehensive program of scientific tests from the
Federal Highway Research Institute (bast 2016). Since
2017 LCV are allowed to use German roads while the
maximum total weight is still limited to 40 tonnes (or 44
tonnes in combined transport). Heavier vehicle
combinations of up to 60 tonnes reveal safety concerns
because bridges and cash barriers are constructed for
lower maximum total weights, expensive expansion
measures would be necessary. Therefore only the
introduction of LCV as shown in Figure 4 are taken into
account for the following case-study. LCV have the
characteristic of higher volume increased from 100 m? to
150 m3, which offers the possibility of decreasing the
total number of trucks on roads, while transporting the
same volume of cargo. Additional axes are needed in
comparison to conventional trucks and decreases the
average axes load of LCVs.
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Features of Long Combination Vehicles (LCV)
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Figure 4: Features of Long Combination Vehicles (LCV)
(bast 2016; VDA 2006)

4.1. System Definition

The model created when the system is being defined
(Behrendt 2016) has to be able to represent the desired
development of the transportation system. In the case
presented here, the German national infrastructure plan
(BMVI 2016b) is the source of the development aims. Its
goals are both quantitative, e.g. “reducing shipping
costs”, and qualitative, e.g. “modernizing and
maintaining transportation infrastructure”. As a whole
the following development aims are considered:

1. Modernizing and maintaining transportation
infrastructure

Reducing shipping costs

Improving traffic flow

Increasing reliability of transports

Reducing emissions

Improving connection of intermodal hubs

o~ Ld

These development aims underlying the analysis are
contingent on the object of analysis.

To describe the system a morphological box (Figure 5) is
used. It is divided into the categories of system, process
and object, which are analyzed in subcategories. This
division facilitates a structured approach when
categorizing concepts (lllés et al 2007; Zsifkovits 2013;
Schenk et al. 2010). The morphological box presented
here is suitable for classifying most scenarios but can be
expanded if necessary.

1. System Definition
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Figure 5: Morphological Box of Freight Transportation
(Behrendt 2016; Illés et al. 2007; Zsifkovits 2013;
Schenk et al. 2010)

The system definition for the introduction of LCVs is
shaded in Figure 5. A macroscopic view has been
selected to describe changes in the national
transportation system. Since the share of freight
transported by air or pipeline is insignificant compared
to other transportation modes, this analysis only
examines the transportation modes of road, railroad and
waterway. The effects to the system will be assessed for
the year 2025, a long-term period, which represents a
good basis in order to indicate realistic developments.

4.2. System Analysis

Each of the transportation modes (road, railroad and
waterway) has to be examined separately to develop the
appropriate causal networks of KPIs. Potential KPIs are
subjected to a relevance analysis to determine their
relevance for the defined objectives (Chapter 4.1). This
leads to an assessment of the KPI’s influence on the
respective development aims, whereby a distinction is
made between “positive influence”, “negative influence”
and “not clearly assessable”.

The KPIs are weighted against each other in a subsequent
impact analysis using Vester’s scale (ll1és et al 2007) for
pairwise comparison: A quantifier of “1” denotes a weak
relationship, “3” an intense relationship. This analysis
makes it possible to classify KPIs into a causal network
(Figure 6) with the direction of influence running from
top to bottom. For instance, “transport volume” affects
the “percentage of empty run kilometers”, which is
simultaneously a function of the “average distance
carried”.

Causal networks are rendered similarly for the
transportation modes but the outcomes differ in part.
Weighting may differ and other KPIs may be employed,
e.g. “rate of electrification” (in a railroad causal network)
or “quality of port infrastructure indicator” (in a
waterway causal network).
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I1. System Analysis
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Figure 6: Road Transportation Causal Network

All KPIs are forecast based on their historical data by
using such methods as linear regression analysis or
exponential smoothing. An annual value can thus be
forecast for every KPI, which ought to appear without
changing the system. As is evident in the calculation
schema (Figure 3), this forecast value is compared with
the KPI value that could be generated by the scenario.

In general the first two procedure steps, system definition
and system analysis, form a basis for the following case
studies. After defining and analyzing the causal networks
once the procedure steps three to five can be repeated for
each exemplary application, as long as the same view and
objectives are regarded.

4.3. Conception of Scenarios

In general, two different approaches can be used for the
conception of scenarios. On the one hand, an
environmental analysis can be carried out collating
external opportunities and risks derived from political,
economic, social, technological, environmental and legal
conditions (“PESTEL”, Johnson et al. 2011). As in the
case presented, a future scenario can be also defined due
to vigorous debates at present (field trail for LCVs, bast
2016) on the other hand.

A future scenario describes the changes in the
transportation system caused by political policies or
technological innovations in a certain year. The scenario
has to be calculable in order to simulate its impact. By
surveying literature and interviewing experts, the
impacts are quantified so that a scenario can be described
by a set of changed KPIs. The scenario value of a KPI
not set by experts is calculated by weighted change
(Figure 3) of the higher level KPIs (Figure 6).

Since experts often disagree or are uncertain about future
developments, the literature occasionally only delivers
an interval rather than any exact value for the scenario
values of KPlIs. For instance, (bast 2016) does not expect
the introduction of LCVs to cause a shift of freight
between the transportation modes of road and rail;
whereas (Sonntag and Liedtke 2015) estimate that 7.6%
of the volume transported will shift from railroad to the

road. An interval [0; 0.076] can be set to include both
views in the approach.

Scenarios with at least one of these intervals are referred
to as trend scenarios. A deterministic method such as the
(original) VLVI method necessitates using one best and
one worst case scenario to approximate trend scenarios.
This is no longer necessary in SimVLVI. Using Monte
Carlo simulation to vary input, a trend scenario can be
mapped directly. While the interval boundary can be
extracted from the source, statistical distributions are
often lacking even if the interval originates from a single
source. Then it must be defined to compute the VLV
indicator. Since the distribution of the random numbers
can heavily influence the results, the statistical
distributions that fit the situation best have to be chosen.
Because rectangular and beta distribution are both
definable in a closed interval, they are particularly
suitable for implementing trend scenarios. The following
are helpful guidelines whenever sources do not contain
any information for a distribution:

e Rectangular distribution fits best when the
interval comes from a single source.

e Beta distribution fits best when the interval is a
combination of two values from two different
sources. It can be adjusted according to the
sources’ credibility: If both are equally credible,
the parameter should be set as a=b=0.5 (Figure
7, left), thus weighting both source values
highly. If one source is more credible, the
parameters may, for instance, be altered as
a=3.5 and b=1 (Figure 7, right), so one value is
weighted higher.

111. Conception of Scenarios
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Figure 7: Histograms of Beta Distributions with a
Sample Size of 300

4.4. Calculation of Scenarios

Inland vessels usually transport heavy cargo such as
turbine parts or bulk cargo like coal or gravel. Since it is
unlikely that LCVs used to haul bulk cargo (bast 2016),
which would impact inland shipping, a shift between
inland shipping and LCV is not considered here.

(bast 2016) expects LCVs to take over 2.6-6.9% of
conventional trucks’ kilometrage, which accords to all
point-to-point transportation of more than 25 km and
over 70% of the truck’s volume utilized (bast 2016). A
rectangular distribution in [0.026; 0.069] has been
chosen for the simulation (Table 1). All other impacts of
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LCVs are a function of this percentage share of
kilometrage. The “average distance carried” of 240 km
for LCVs ascertained by (bast 2016), is significantly
higher than the distance of 165.4 km forecast for
conventional trucks. The scenario’s value of “average
distance carried” is a function of both values yielded by
percentage calculation. The same applies to “average
daily traffic intensity”, which drops as the number of
LCVs increases: One shipment with an LCV can replace
1.545 shipments with a conventional truck (bast 2016).
Not only is the axle load lower (bast 2016) but there is
also significantly less stress on the road infrastructure,
thus leading to improvement at no additional cost. The
impact of the “quality of roads indicator” is therefore
assumed to be positive in the model. The impacts
described are employed as scenario values in the model
(Table 1).

Table 1: Simulation Scenario Values for the Introduction
of LCVs

IV. Calculation of Scenarios

KPI1 ‘ SlTED ‘ References Simulation
value
Railroad
Sonntag and
-~ -7.6% . Beta Distribution with
Liedtke 2015
Transport Volume a=b=0.5 for [0; 0.076]
0.0% bast 2016

Road

Rectangle Distribution

LCVs Percentage |i2.6—6.9% bast 2016 for [0.026: 0.069]

Transferred | Sonntag and
Transport Volume > tonnage | Liedtke 2015

0.0% bast 2016

Transferred Tonnage depending
of the Railroad Transport Volume

Average Distance Depending of the
carried 240km bast 2016 LCV Percentage

Average daily 1LCV= Depending of the
Traffic Intensity | 1.545 trucks LCV Percentage

Quality of Roads | Lesser road Equally distributed Value [0.01; 0.023]
indicator pressure depending of the LCV Percentage

bast 2016

bast 2016

Waterway
No changes

The minimum required sample size is a function of the
confidence level and the tolerable error. Both variables
have to be defined so that they are significant enough for
the analysis. They were defined for the LCV scenario as
follows:

e confidence level = 95%
e tolerable error = 3%

These variables are used to calculate the minimum
required sample size with Formula 1 (Waldmann 2016,
Rossler and Ungerer 2008). A pilot survey of a sample
size of n = 30 (Mossig 2012, Bahrenberg et. al 2010)
ascertains that the VLV indicator varies by 7.5%.

2 sé
N2z _ax = 1)

e n=sample size
2 —

* 2z a« = quantile of the standard deviation
2

distribution for the confidence level 1 —%

e 5, =standard deviation of the pilot survey
e &% =tolerable error

Formula 1 calculates a minimum required sample size of
n=320.

4.5. Comparison of Scenarios

The VLV indicator is calculated 320 times as described
in Chapter 4.4 to generate the required sample size. The
fit of the data to the normal distribution is checked by
various tests, thus the arithmetic mean and the standard
deviation of the transportation mode indicators and the
VLV-indicator can be assessed. Formula 2 delivers the
proper confidence interval for the data (Waldmann and
Helm 2016, Réssler and Ungerer 2008). This is the way
sample uncertainties are usually expressed in statistics.

N

‘/—HSHSJ?+Z * (2)

X—z _ax

SIE

1—

NIR
NR

e i =mean of the sample
e s =standard deviation of the sample
e u=mean of the base population

The outcome is presented on the right side of Figure 8.
The impact of LCVs can also be estimated with the
deterministic VLVI method (Figure 8, left). Then, the
trend scenario has to be split into sub-scenarios defined
by varying the input parameters. This treatment is
necessary in any kind of deterministic method. It gives
decision makers many different outcomes for sub-
scenarios of a single decision, which they have to use as
the basis of decisions without any information on the
probability of the sub-scenarios’ occurrence. A model
based on the Monte Carlo method, on the other hand,
solely delivers information on the impact of a decision-
making option.

V. Comparison of the Scenarios
Deterministic Calculation Monte-Carlo Simulation
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Figure 8: Comparison of the Results of deterministic
VLVI and SimVLVI

Based on these sources and the aforementioned
constraints, the introduction of LCVs can be expected to
improve the freight transportation system by
1.02+0.03%. The rail freight transportation system,
operating virtually to capacity, will transport up to 7.6%
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less. The greatest improvement of 3.89+0.32% can thus
be expected there.

The road transportation system will not deteriorate as
feared. The additional load from shifted rail freight will
not offset the positive impact of LCVs, e.g. lower axle
load and higher volume of freight. It may even contribute
to a slight improvement of 0.44+0.05%. Moreover, the
lower cost of haulage using LCVs rather than
conventional trucks can benefit shippers.

Since the influence of transportation modes on the entire
system is a function of its modal split, the relatively
strong improvement of the rail transportation system has
only slight influence on the complete system.

5. CONCLUSION AND OUTLOOK

The macroscopic SimVLVI demand model assesses new
transportation concepts in advance. This enables political
policymakers and industry decision makers to assess
their options using a statistically grounded number that
factors in ever impact, which is important according to
the literature. The various views of experts and the
literature can be aggregated and an objective basis for an
assessment can be established. The Monte Carlo
simulation implemented facilitates risk analysis of
concepts without decreasing the VLV indicator’s
interpretability. The widest variety of options can thus be
compared easily, even if they are as different as a
financing instrument and an innovative transportation
system.

In addition to trend scenarios, Monte Carlo simulation
can also be employed to vary the weighting defined in
impact and relevance analyses. Even if there is consensus
on the approximate assessment of the correlations
between the KPls, a precise definition may require
compromise. Applying the Monte Carlo method to the
weighting in the VLVI model could reproduce this
uncertainty like the uncertainties in trend scenarios. This
would make an even more exact assessment of the
concept possible.

REFERENCES

Bahrenberg, G., Giese, E., Mevenkamp, N., Nipper, J.,
2010. Statistische Methoden in der Geographie.
Band 1 univariate und bivariate Statistik. Stuttgart.
Borntraeger; p.20f.

Bernecker, T., Fichert, F., 2013. Optionen zur
Finanzierung der BundesfernstraRen. Final Report.
Stuttgart: Baden-Wirttembergische Industrie- und
Handelskammertage; p.44.

Behrendt, F., 2016. Entwicklung eines
Vorgehensmodells zur Untersuchung
multidimensionaler Einfllsse auf
Guterverkehrssysteme. Dissertation. Otto von
Guericke University Magdeburg; p.59ff, 66.

Bundesanstalt ~ fur  Stralenwesen  (bast), 2016.
Feldversuch mit Lang-LKW — Abschlussbericht.
Bergisch Gladbach; p.12, 27, 32ff.

Bundesministerium  fiir ~ Verkehr und digitale
Infrastruktur (BMVI), 2016a. Verkehr in Zahlen

2016/2017, Statistics, DVV Media Group GmbH,
45. Edition, Hamburg.

Bundesministerium  fir  Verkehr und digitale
Infrastruktur (BMVI), 2016b.
Bundesverkehrswegeplan 2030 — Draft March
2016. Berlin; p.5.

Bungartz, H.-J., Buchholz, M., Pflliger, D., Zimmer, S.,
2009. Modellbildung und Simulation — Eine
anwendungsorientierte Einfuhrung. Berlin,
Heidelberg: Springer; p.156, 179.

Daehre K.-H., Behrendt, F., Trojahn, S., 2012. Sicherung
einer nachhaltigen und soliden
Verkehrsinfrastruktur fir den Wirtschaftsstandort
Deutschland. DVWG-Jahresband  2011/2012:
p.112-119; p.112f,

Daehre K.-H., 2012. Zukunft der
Verkehrsinfrastrukturfinanzierung.  Magdeburg;
p.37.

Doll, C., Schade, W., 2005. How using the Revenues of
the German HGV motorway system efficiently and
equitable under different regulatory frameworks
and institutional settings. Proceedings of the 4th
Infra-Train Conference, 08. Oct 2005, Berlin; p.4.

Fierek S., Zak, J., 2012. Planning of an Integrated Urban
Transportation System based on Macro-Simulation
and MCDM/A. Procedia — Social and Behavioural
Sciences 54: p. 567 — 579; p. 569.

Guihnemann, A. Laird, J., Pearman, A., 2012. Combining
cost-benefit and multi-criteria analysis to priorities
a national road infrastructure program. Transport
Policy 23; p.15-24.

Hillier, F., Lieberman, G., 2001. Introduction to
Operational Research. Boston: McGraw — Hill.
Holmgren, J., Ramstedt, L., Davidsson, P., Edwards, H.,

Persson, J.A., 2014. Combining Macro-level and
agent-based modeling for improved freight
transport analysis. Procedia Computer Science 32:

p.380-387; p.380.

llles, B., Glistau, E., Machado, N., 2007. Logistik und
Qualitatsmanagement. Miskolc; p.4, 7f, 137.

Johnson, G., Scholes, K., Whittington, R., 2011.
Strategisches Management — Eine Einfiihrung.
Munich: Pearson Studium; p.80.

Liebermann, E., Rathi A.K., 1997. Traffic simulation. In:
Revised Monograph on Traffic Flow Theory,
p.268-270.

Marcharis, C., Bernardini, A., 2014. Reviewing the use
of Multi-Criteria Decision Analysis for the
evaluation of transport projects: Time for a multi-
actor approach. Transport Policy 37, p.177-186.

Mossig, I, 2012. Stichproben,
Stichprobenauswahlverfahren und Berechnung des
minimal  erforderlichen  Stichprobenumfangs.
Beitrdge  zur  Wirtschaftsgeographie ~ und
Regionalentwicklung 1 —2012; p.8.

Nahrstedt, H., 2015. Die Monte Carlo-Methode.
Wiesbaden: Springer Vieweg; p.VII.

Reggelin, T., 2011. Mesoskopische Modellierung und
Simulation logistischer Flusssysteme. Dissertation.
Otto von Guericke University Magdeburg.

Proceedings of the Int. Conf. on Harbor Maritime and Multimodal Logistics M&S, 2017 51
ISBN 978-88-97999-87-4; Bottani, Bruzzone, Longo, Merkuryev, and Piera Eds.



Reggelin, T., Tolujew, J., 2011. A mesoscopic approach
to modeling and simulation of logistics processes.
Proceedings of the Winter Simulation Conference,
p. 1513-1523, 11-14 Dec 2011, Phoenix; p. 1513.

Reimann, M., 2007. Simulationsmodelle im Verkehr.
Term paper. University of Karlsruhe (TH); p.4ff.

Rossler, 1., Ungerer, A., 2008. Statistik fir
Wirtschaftswissenschaftler. Heidelberg: Physica-
Verlag; p.135.

Schenk, M., Behrendt, F., Trojahn, S., Miiller, A., 2014.
Verkehrsinfrastruktur — —  Entwicklungschancen
durch effiziente Logistik. Jahrbuch Logistik 2014:
p.95-100; p.95ff.

Schenk, M., Mdller, E., Wirth, S., 2010. Factory
planning manual. Berlin, Heidelberg: Springer-
Verlag; p.225ff.

Schmidtke, N., 2016. Entwicklung einer
Beurteilungsmethodik zur Untersuchung
multidimensionaler Einfllsse auf
Personenverkehrssysteme in der Bundesrepublik
Deutschland. Master Thesis. Otto von Guericke
University Magdeburg; p.46.

Schmidtke, N., Behrendt F., 2017. Impact analysis of
freight transport scenarios on the German transport
system — an indicator based approach. Proceedings
of the 31. microCAD International
Multidisciplinary Scientific Conference. 20-21 Apr
2017, Miskolc (Hungary).

Schwab, K., Sala-i-Martin, X., 2016. The Global
Competitiveness Report 2016-2017. Geneva:
World Economic Forum; p.188f.

Sokolowki J., Banks C.M., 2009.Principles of Modeling
and Simulation: A Multidisciplinary Approach.
New York: John Wiley and Sons.

Sonntag H., Liedtke G., 2015. Studie zu Wirkungen
ausgewéhlter Massnahmen der Verkehrspolitik auf
den Schienengiterverkehr in Deutschland — Modal
Split der Transportleistungen und Beschéftigung.
Berlin: Allianz pro Schiene e.V.; p.15.

Verband der Automobilindustrie (VDA), 2006. Mehr
Giter  —  Weniger  Verkehr. Brochure.
Frankfurt/Main; p.10f.

VerkehrsInfrastrukturFinanzierungsGesellschaft  mbH
(VIGF), 2015. Geschaftsbericht 2014. Berlin:

VIFG; p.10ff.
Waldmann, K.-H., Helm, W.E., 2016. Simulation
stochastischer Systeme - Eine

anwendungsorientierte Einflihrung. Berlin,
Heidelberg: Springer Gabler; p.116.

Arvis, J.-F., Saslavsky, D., Ojala, L., Shepherd, B.,
Busch, C., Raj, A., Naula, T., 2016. Connecting to
Compete 2016 — Trade Logistics in the Glocal
Economy. Washington: World Bank; S.X.

Zsifkovits, H. E., 2013. Logistik. Konstanz: UVK-Verl.-
Gesellschaft.

AUTHORS BIOGRAPHY

Laura Baumann is studying Industrial Engineering with
the mayor logistics at the Otto von Guericke University
(OvGU) in Magdeburg. She works as a research assistant
at the Fraunhofer Institute for Factory Operation and
Automation IFF in Magdeburg. Her Bachelor thesis’ was
about the application of random simulation for the
analysis of multidimensional effects to transportation
systems.

Fabian Behrendt is the head of the Fraunhofer Group of
Production, the leading network of applied production
research in Germany. In 2016 his dissertation was
awarded as the best thesis at the Faculty of Mechanics
(OvGU) in Magdeburg. He developed the indicator-
based approach presented with its procedure model for
estimating multidimensional effects on freight
transportation systems in Germany.

Niels Schmidtke is working as a research manager at
both, the Institute of Logistics and Material Handling
Systems (OvGU) (transport logistics) and the Fraunhofer
IFF (Industry 4.0) in Magdeburg. He graduated adapting
the approach presented for the analysis of
multidimensional effects on passenger transportation
systems in Germany.

Proceedings of the Int. Conf. on Harbor Maritime and Multimodal Logistics M&S, 2017 52
ISBN 978-88-97999-87-4; Bottani, Bruzzone, Longo, Merkuryev, and Piera Eds.



