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1 Introduction

Logistic systems are crucial to understand the translation from economic activity into
freight transport demand. They are part of the economic entities like trading, logistic
or production companies, and, at the same time, part of the overall freight transportation
system. Therefore, logistic systems represent the interface between economic activity and
transportation.

An example from food retailing can illustrate that: the production of consumer prod-
ucts may be located close to a retail store where the products are sold. In most cases,
however, the products will first be transported to the retailer warehouse, and then be dis-
tributed to the individual stores. The driving factor that makes this economically reason-
able for the retailer, are economies of scale, in form of the bundling of goods for transport
and warehousing. This example shows that freight transport demand can sometimes be
more driven by the shape of the logistic structures than by the locations of production and
consumption.

The rising proportion of freight in overall transportation and the increasing importance
of logistics for many economic sectors lead to a higher attention of politics for logistics.
This is documented in logistic action plans on the European and the national
level (BMVBS] 2006). Therefore, there is a need to assess effects of political measures on
logistics and freight transportation, like the effect of rising fuel prices or toll introduction.
These questions cannot be answered by traditional freight transportation models.

In recent years, many transportation researchers realized this necessity to include lo-
gistics in freight transportation models (Tavasszy] (2006)), [Ben-Akiva and De Jong| (2008)),
[Rothengatter] (2008))). The importance of the interface between economic activity and
transportation has always been a main focus of transportation researchers (see
(I979)), p.5). However, logistics was not part of transportation models until recently. A
main reason for this lies in the fact that logistic structures emerge out of the optimiza-
tion of individual actors who often have concave cost functions caused by economies of
scale. This is different to modeling traffic flows in networks, where cost functions are
convex and therefore a unique solution exists. For aggregate approaches that describe lo-
gistic structures only as external input, the heterogeneity of economic actors and logistic
systems is difficult to handle.

Therefore, disaggregate approaches have emerged that include elements of logistic
optimization. Complex logictic structures usually are not modeled yet, mostly only the
choices of lot sizes and transport paths represent the logistic part of transportation models.
An exception is the work of Liedtke ((Liedtke] [2006))) which simulates tours of transport
service providers. However, a model that includes the choice of warehouse structures has
not been developped. While on an aggregate level the SMILE model ((Tavasszy etal]
ﬂ@[}) already includes warehouse locations, the choice of warehouse structures on the
company level has not been part of models in transportation research.

Optimization procedures from logistic research, on the other hand, usually concentrate
on the optimization of individual logistic systems. While they are able to optimize com-
plex logistic systems like warehouse structures and networks, they are not designed to
be applicable to logistic systems of different actors, to model many logistic systems in
parallel or to consider system interaction.




1 Introduction

This study contributes to fill this gap between transportation and logistic research. It
will be shown that it is possible to artificially reproduce and explain the emergence of
complex logistic structures on a large scale, meaning for an overall sector and region.
The food retailing sector in Germany serves as an application example. It is most suitable
for this experiment, since complex logistic structures exist, a significant part of overall
freight transport demand is caused by this sector, and sufficient data sources are available.

To be able to fill the gap between transportation and logistics, three important aspects
are addressed within this study: Firstly, a detailed analysis of the sector under consid-
eration is carried out. It includes the identification of new data sources not yet used by
transportation modeling and expert interviews that help to explain logistic behavior in this
sector. Secondly, the designed simulation system includes detailed logistic optimization
of food retailing companies as well as simplified optimizations of adjacent logistic sys-
tems. Thus, the model can describe effects that are important to explain differences of
warehouse structures. And finally, the simulation of forward looking decisions enables
the model to avoid local optima on the level of individual companies. Thus, the depen-
dencies on the overall system state, which is not unique, can be limited and simulation
results are stable.

The resulting simulation model, called SYNTRADE, is able to reproduce logistic
structures in food retailing in Germany, as shown by comparison to real world data.
With SYNTRADE it is possible to analyze the effect on logistic structures and trans-
port demand caused by macroeconomic changes, like an increase in fuel price, as well as
microeconomic changes, like a merger of two companies.

The study is divided into seven chapters. After these introductory remarks, a short
overview of SYNTRADE is given to clarify the objective of the discussions in the follow-
ing chapters.

Then, chapter three carries out an analysis of the freight transportation system in gen-
eral, as well as the food retailing sector and its logistic systems. Besides this analysis, the
second part of the chapter also contains a description of data sources used, as well as a
discussion on research methods that explains the motivation for expert interviews carried
out for this study. With this chapter the empirical basis for the SYNTRADE model is laid.

In the fourth chapter methods of freight transportation modeling are presented. A
special focus is laid on experiences from logistic optimization that are used within SYN-
TRADE. The chapter concludes with a review of existing freight transportation models
and their representation of logistic aspects. This discussion shows the motivation to de-
velop the simulation model in this study.

In chapter five a formal definition of the simulation model SYNTRADE will be given.
This description includes three parts of the model. The generation of input data, the
simplified simulation of the logistic environment of the food retailing sector and the opti-
mization procedures for warehouse structures within the food retailing sector.

Chapter six shows the model results. A base scenario is presented and compared to
real world data. Sensitivity analysis are defined and carried out for the base scenario,
including changes in parameters, as well as changed system states at the beginning of
the simulation process. Furthermore, two future scenarios are defined and analyzed, one
assuming a merger of two companies and one assuming a raise in fuel prices.

Finally, the last chapter summarizes the results and modeling experiences. Based on
this, potential directions for future research are identified.



2 SYNTRADE - model overview

This chapter gives a short overview of the SYNTRADE model which is developed in this
study. This is done at this place to clarify the objectives of discussions in the following
chapters, where the basis for the model will be laid in terms of system understanding, data
used and methodologies employed.

The objective of this study is to demonstrate that it is possible to artificially reproduce
and explain the emergence of complicated logistic structures on a large scale, meaning for
an overall sector and region. The SYNTRADE model reproduces warehouse structures
of the German food retailing sectorﬂ The generated information on warehouse structures
includes number, location and level of warehouses, as well as the allocation of food re-
tailing stores to warehouses. To reproduce these structures in a realistic way, underlying
logistic decisions of microeconomic actors are simulated. Besides the decision on the
warehouse structures itself, these are supply path decisions and lot size decisions for bun-
dled commodity flows on transport links. Actors are mainly food retailing companies and
suppliers.

Decisions of microeconomic actors are simulated by optimizing total logistic costs.
Solution procedures from the area of Operations Research (OR) and from logistic research
are employed for the underlying optimization problems.

The decisions are simulated in a forward looking way, including all future changes
caused by the decisions. For the warehouse structure decision this includes future changes
of supply paths and lot sizes, for the supply path decision this includes future changes in
lot sizes on the related transport links. These complex decision scopes have to be modeled
to reach stable solutions in the simulation process. A detailed analysis of logistic decisions
in general, as well as logistic decisions in food retailing, can be found in chapter 3

The model can be differentiated into a model core and a model periphery. The food re-
tailing sector is the core of the model, here more detailed input data is used, including for
example data on company turnover and article data. The periphery is modeled in a sim-
plified fashion, data is generated based on statistics and only establishments, no company
structures are represented. The periphery is modeled to cover the dependencies on logis-
tic systems surrounding the food retailing sector: food and other consumer products can
also be distributed via other distribution channels. To model their attractiveness alterna-
tive supply paths have to be represented. Therefore, the periphery includes the production
location and simplified logistic systems for distribution of all consumer products.

SYNTRADE can be divided into three phases as shown in figure 2.1}

In the first phase, the data needed for the simulation is generated. Data for food re-
tailing companies includes the types and locations of stores and the disaggregation of
turnover to article types. Data of the periphery includes an artificial economic establish-
ment structure with locations and production volume for each establishment, based on
statistical data on employment and establishment sizes. Wholesalers and logistic service
providers are not covered within this generation but represented simplified in each region.
Demand for consumer products is modeled for each NUTS-3 region, imports on the level
of countries. The generation of commodity flows from producing establishments to food
retailing companies is explicitly modeled by a sourcing procedure, the remaining demand
for consumer products in regions is distributed with a gravity model.

! Chapter gives an exact definition of the food retailing sector in Germany



2 SYNTRADE - model overview
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Figure 2.1: SYNTRADE overview

The second and third phase of SYNTRADE are the logistic simulation.

In the second phase, the periphery is established: supply paths are determined for
flows between producing establishments and food retailing companies or regions. On
each transport link the lot sizes are determined for the flow bundle including all flows
on this link. The supply paths can change with the bundling level. Therefore, supply
path choices are repeated until a stable state is reached, meaning that no improvement
can be reached by changing supply paths of single commodity flows. This represents
an equilibrium for commodity flows. This simulation includes assumptions on existing
warehouse structures of food retailers to calculate the costs of supply paths.

The explicit determination of warehouse structures for food retailing companies hap-
pens in the last phase. This includes the determination of number, level and location of
warehouses as well as the allocation of stores to warehouses. If warehouse structures
change, compared to the initial assumed structures, phases two and three are repeated.

Numbers of generated objects and detail of classifications can further describe the
scope of the model. The model generates following objects:

e About 17.000 establishments in 78 sectors

e 481 regions, thereof 439 NUTS-3 regions in Germany and 41 regions representing
European countries

e Logistic Service Providers (LSP) of three categories and wholesalers of 16 cate-
gories in each region

e 31 retail companies with



up to four store categories each
about 51.000 stores in total

50 article types in 5 assortments

about 210 warehouses in total

e About 150.000 commodity flows between producing establishments and retail com-
panies and about 2.5 million flows between producing establishments and regions.

The main result of the model are simulated warehouse structures of the German food
retailing companies. In chapter[f]simulated warehouse structures are shown and compared
to real structures. Figures show for example warehouse locations for the overall sector
(see figure[6.4), as well as for individual companies (see figure [p.2] and [6.3). Besides the
warehouse structures, also data on commodity flows results from the simulation. This
data includes transport volumes of transports through the warehouse structures of food
retailing companies (measured in pallet kilometers - pkms) and lot size distributions for
inbound transports. This information can be aggregated to transport volumes between
regions. Similar information also results from the simulation of commodity flows outside
the food retailing sector in the model periphery. However, this data has to be handled
with care, since it results from a simplified modeling. Another side product, especially
interesting for analysis on company level is cost data. An analysis, conducted within this
study, shows for example the cost savings in logistics of a merger of two food retailing
companies.

This chapter only contains a very general overview of the SYNTRADE model. A for-
mal definition of the model and a detailed discussion of model results will be given in
chapters [5]and [6} But before discussing the model and its results, a detailed basis will be
laid in this study by analyzing the systems under consideration, freight transportation sys-
tem and logistic systems in food retailing, and presenting existing modeling experiences
and methodologies from literature in the next two chapters.



3 Analysis of freight transport demand

In this chapter, transport demand in food retailing is analyzed. This analysis is the basis
for the SYNTRADE model developed later in this study. In the first section, a system
analysis of freight transport demand in general is carried out. The second section will
give an overview on the empirical bases, including data sources and methods to collect
data like expert interviews that were carried out for this study. Finally, the characteristics
and structure of the food retailing sector in Germany will be described in more detail.

3.1 General system analysis of freight transport demand

In a general sense a system is defined as an object that fulfills a certain purpose. It is
composed out of a number of components and relations between these components that
determine the functioning. The system will not fulfill its purpose any more, if it is split
up (translated and simplified from Bossel| (1994).

The analysis of a system tries to understand the system. This can either refer to the
behavior (purpose) of the system or the functioning of the system. Looking at the behav-
ior, the analyst can consider the system as a black box and concentrate on the inputs and
outputs of the system - (I991) calls this an analysis. Looking at the functioning
of the system, means to try to examine the components, their relations, and therefore the
structure of the system - (T991) calls this a synthesis.

If considering a system whose components are also systems (subsystems), the syn-
thesis of this system can be done in two ways. Either starting with the system and then
decomposing it to subsystems, called top-down analysis, or to start at the smallest subsys-
tem, analyze its behavior (analysis) and relations to other subsystems and thus, at some
point, arrive at the overall system, called bottom-up analysis.

For the systems analysis of freight transport demand, both, a qualitative top-down anal-
ysis describing the overall transportation system and the economic activity system as well
as a qualitative bottom-up analysis, will be started. Then, the concept of mesostructures
representing structures of subsystems on a meso level will be introduced to close the gap
between the top-down (macro) view and the bottom-up (micro) view. Finally, decisions
leading to the composition of the systems and system states in transportation and logistic
systems will be discussed.

3.1.1 Top down analysis

Transportation system analysis focuses on the interaction of the transportation system
with the economic activity system. It can be used as a starting point for the top-down
analysis of freight transport demand. [Manheim| (T979) defines the transportation system
by listing all components and movements connected to transportﬂ The economic activity
system on the other hand is defined by "the totality of social, economic, political, and

I vAll mode of transport modes must be considered.”, "All elements of the transportation system must

be considered: the persons and the things being transported; the vehicles in which they are conveyed;
and the network of facilities through which the vehicles, passengers, and cargoes move, including ter-
minals and transfer points as well as line haul facilities.", "All movements through the system must be
considered, including passenger and goods flows from all origins to all destinations.", "For each spe-
cific flow, the total trip, from point of origin to final destination, over all modes and facilities must be

considered." @, p.11,12)



3.1 General system analysis of freight transport demand

other transactions taking place over space and time in a particular region" (Manheim|
p. 17). Following this definition, the transportation system is also part of the
economic activity system.

The basic relation between these systems is shown in figure[3.1] The flow pattern (F) in
the transportation system ("origins, destinations, routes, and volumes of goods and people
moving through the system" [Manheim| (T979), p. 12) results from the interaction between
the activity system and the transportation system. The flow pattern on the other hand will
over time influence the transportation system as well as the activity system.

Transportation
System T

Activity System
A

Figure 3.1: Basic relations in freight transportation analysis (adapted from

@79, p-13)

Following this framework, freight transport demand can be derived from an activity
system interacting with the transportation system. Most freight transport demand is con-
nected with economic activity. Therefore, the focus of this study will be on economic
activity in the activity system. The economic activity system can be subdivided by geog-
raphy into regions or by activity into sectors.

In national accounting, economic activity is represented in form of monetary values.
The "Input-Output" (IO) analysis (in Germany [Statistisches Bundesam{ (Z008d))) repre-
sents the linkage between the economic sectors, including state and consumers. It shows
the input and output (goods or services) that are consumed or produced in each sector. Of
interest for freight transport demand is the movement of goods between locations. This is
different to the "flows" within the 1O analysis, since between the location of production
and the location of consumption the good may have passed other locations. Especially
the activity in the sectors trade and logistics include movements of goods, but the values
within the 1O analysis for these sectors only represent the goods and services consumed
during this activity or the value of the service "produced".

The flows of goods between the sectors can be called PC (production-consumption)
flows. To include the movement caused by trade as well, this can be extended to PWC

7




3 Analysis of freight transport demand

(production-wholesale-consumption) flows (Tavasszy etal] [T998). To arrive at the orig-
inal demand for freight transport one has to add the geographic dimension resulting in a
multi-regional input-output table (SCGE and MRIO models try to reproduce this data, see
chapter ). This can be seen as the origin of (top-down) freight transport demand.

But there is still a gap between flows connecting regions or sectors and the actual
vehicle flows on transport infrastructure. As shown in figure [3.2] that was originally used
to describe market levels from a logistic perspective, one can distinguish a logistic level
that has to be considered when decomposing the system further.

/ _Eroductidh
/ ~Trade |

. Logistics|

Infrastructire ‘/

Transport Se'rvicié

Figure 3.2: Market levels in a logistic system perspective (adapted from

(2002))

Definitions of logistics change over time:

There are definitions focusing on the company (translated from (2003)):
market oriented, integrated planning, design, operation and control of the whole
material (commodity) flow and the corresponding information flow between the
company and its supplier, within the company and between the company and its
customers.

There are definitions including the overall supply chain (definition for supply chain
management translated from (2004) (p. 46ff): cross-company-coordination
and optimization of material, information and financial flows of the overall value
added process from the sourcing of row material along the different stages of re-
finement to the final customer, with the objective to design the overall process in a
cost and time optimal way.

And there are even definitions emphasizing the network view (translated from
[Gudehus| (2004), p.1): Today, logistics is the network of transport infrastructure,
warehouses and reloading points, established to connect companies and consumers.

This development of the understanding of logistics from a company centered to a network

view is described by many researchers (see for example[Sjoestedq] (Z004), p. 208,
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3.1 General system analysis of freight transport demand

(008} or [Gudehus| 2004), p. 1). All these definitions have in common that they take
the perspective of goods and see logistics as a system assuring the provision of goods.
Logistic systems hence have the purpose of providing goods in space and on time, they can
be seen as subsystems of the overall activity system, their components are warehouses,
reloading points and transport links.

On the other hand, the definition of the transportation system lays the focus on the
system that provides the transport service. [Sjoestedt] (2004)) shows this relation between
the logistic system and the transportation system (see figure 3.3).

GOODS =y

X} Freight

Product

VEHICLE
VESSEL

Movement Traffic

Sourcing &

Distribution Forwarding

Ways &
Terminals

Manufact., sto-
rage & delivery

FACILITY

Localisation
Land use

Locations &Z\\X

INFRA-
STRUCTURE

Figure 3.3: Relation between logistics and transportation system (Sjoestedt] 2004)

The systems overlap but the transportation system incorporates more than the transport
of goods (particularly passenger transport) and the logistic systems incorporate activities
like storing or commissioning of goods besides the pure transport.

In the context of the economic activity system, logistics can be seen as subsystems
generating freight transport and therefore explaining the generation of freight transport
related to economic activity. In this study all systems that have the provision of goods
as a goal are referred to as logistic systems. This includes also systems that focus purely
on transportation. The transportation system on the contrary stands for the overall trans-
portation system including all sorts of traffic (see definition of Manheim).

Thus, the distinction between transportation system and logistic systems ought not be
along the market for transport services: the subsystems on both sides are logistic systems.

It is important to note that logistic systems and the transportation system as a whole
cannot be seen as independent but are very integrated, since transport cost are influenced
by the amount transported. Bundling of flows within logistic systems therefore can change
these costs. This is contrary to passenger transport, where the parameters of the transport
services supplied by the transportation system are rather stable (at least short-term). In
freight transportation logistic systems are part of the activity system and of the transporta-
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3 Analysis of freight transport demand

tion system at the same time. Thus, there is an immediate (short-term) interaction between
activity system and transportation system. The relation between activity system and trans-
portation system described by Manheim (see figure [3.1) is therefore very dynamic and the
reaction of the activity system and transportation system have to be considered describing
both the short-term equilibrium as well as the long-term equilibrium. Logistic systems
are the connecting element between both systems and incorporate this interaction.

The logistic system and thus the interaction must be the focus of the analysis of freight
transport demand. This is in line with the requirement already formulated for overall
transportation analysis by Manheim (Manheim] (T979)), p.5): "The focus of transportation
system analysis is on the interaction between the transportation and the activity system."

To continue the top-down analysis, PCW flows between sectors and regions have to be
connected with logistic systems. This is not straight forward, since flows can be part of
many logistic systems and logistic systems can include many PCW flows. But primarily,
it seems difficult, since logistic systems are part of companies and thus result out of a
microeconomic logic. Therefore we will continue with the bottom-up analysis.

3.1.2 Bottom-up analysis

This bottom-up analysis tries to describe systems involved in the generation of freight
transport, starting from small components.

Goods

A good can be described by general characteristics like weight, volume or value. Addi-
tionally there are specific requirements that are also important since they influence the
way they have to be transported, reloaded or stored. In food retailing this is for example
the temperature level required or time limitation due to perishability of the good.

A shipment (goods sent from one to another location) mostly is composed of an amount
of goods not just one entity. This amount can be expressed in weight or volume or in enti-
ties describing the entity in or on which the goods are transported like packages, pallets or
containers. The dominating entity in food retailing are pallets, so in this study shipments
of goods will be measured in pallets.

Companies and establishments

The locations between which goods are transported are establishments belonging to com-
panies or households.

The focus of this study will be on establishments belonging to companies.

It is important to distinguish between establishments and companies. Establishments
do not act, the acting institutions that take economic decisions are companies. Neverthe-
less, establishments belong to companies and represent the locations where companies
are active. The allocation of an establishment or a company to an economic sector can be
difficult. Even if an establishment has a clear economic activity (for example retailing),
the main activity of the company to which it belongs can be different (for example con-
sumer product manufacturing). Companies or even establishments might have activities
in different areas. As a result in practice (e.g. statistics), simplifications are undertaken.
In statistical surveys, the main economic activity is taken to classify a company or estab-
lishment.
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Companies can be seen as systems whose objective is defined by their business activ-
ity, establishments are components of these systems. For freight transport demand, it is
important to understand the relation between these systems (companies and their business
activity) and logistic systems that themselves are part of companies. Goods are produced
and consumed during economic activity that takes place in establishments at specific lo-
cations. Therefore the goods have to be provided to these locations at specific times.
This provision of goods is the purpose of logistic systems. The requirements for this and
the integration of company systems and logistic systems is different, depending on the
economic activity, a detailed picture for the retailing sector will be drawn later in this
study. Demand for goods in business establishments and the output of goods in business
establishments is the starting point for logistic activity.

Reloading points and warehouses

Reloading points and warehouses are establishments that are components of logistic sys-
tems. They can be seen as individual systems with following purposes:

e Reloading: unloading goods from one transport vehicle and reloading them to an-
other.

e Consolidating/commissioning: Bundling goods from different origins together.
e Deconsolidating: Splitting a bundle of goods to different destinations.

e Storing: Keeping goods at warehouse locations over a certain time period (only in
warehouses, not in reloading points).

The activities can be described by parameters that at the same time show the level of
service and capacity of establishments like "picks per hour" for commissioning or number
of pallet slots in the warehouse for storing.

Concerning the analysis of the functioning of these systems, there are different tech-
niques of warehouses, starting from a block storage warehouse up to a high bay ware-
house. But this will not be analyzed at this point. More detailed descriptions of ware-
housing can be found in [Bartholdi and Hackman| (2008)) or [Gudehus| (2004).

Warehouses, or the functionality of warehouses, often is also present in establishments
of companies where goods are consumed or produced.

Commodity Flows

Looking more closely at the exchange of goods between two locations, the concept of a
commodity flow is defined as:

The commodity flow between two locations (establishments) of companies is
the amount (measured in weight, volume and value) of a certain commodity,
delivered over a certain time period.

Note that this flow may not be constant, therefore to describe the reality in detail, the
distribution of the commodity flow over time is needed. Assuming constant flows over
time in models is a simplification, but depending on the objective of the analysis, it can be
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acceptable. Models in the area of transportation system analysis usually assume constant
flows (see [Liedike] (2006)) or [Ben-Akiva and De Jong] (Z008)).

There are two main differences between the concept of commodity flows and PC
(production-consumption) or PWC (production-wholesale-consumption) flows as for
example mentioned by [Ben-Akiva and De Jong] (2008)) and originally introduced by

[Tavasszy etal](T998):

1. A microscopic commodity flow refers to economic actors and is therefore anchored
on the micro level, in contrast to that the notion of PC or PCW flows is of macroe-
conomic nature describing flows between regions and sectors.

2. A microscopic commodity flow is defined by two locations, that do not have to be
a source or sink (production or consumption location). A microscopic commodity
flow can as well take place between two reloading points.

The microscopic counterparts of PWC flows are those flows that do not start or end at
logistic locations and are the result of the sourcing decisions of economic actors (see
paragraph [3.1.4). To explain the existence of other flows that start or end at logistic
locations, the corresponding logistic systems have to be analyzed.

A commodity flow has by definition a starting and a destination location. The goods
can pass additional warehouses or reloading points between them. The path through
which the goods of a commodity flow pass, is called "supply path" in this study.

This is different to the supply chain (definition translated from[Beckmann](Z004), p.1):
"The supply chain incorporates all companies, that take part in the development, produc-
tion and distribution of a product." The supply chain refers to companies not to locations
and to the overall chain from raw material to consumer.

If a supply path contains more than two locations, the corresponding commodity flow
can be cut in parts that again represent commodity flows.

Shipments

The commodity flow between two locations can be transported in different amounts,
called lot sizes. The optimal lot size can be determined based on the minimization of
lot size dependent costs like storage or transport costs. Since transport costs decrease for
larger lot sizes, commodity flows are often bundled for transport. A shipment is defined
by the chosen lot size, the good, and the locations of shipper and recipient.

Transport services and links

A transport service is defined by parameters describing the result and the quality of the
transport of a shipment. This includes time of departure and arrival, costs and parameters
that express how the good is handled. It is the outcome of the underlying logistic system.
The transport service does not determine how this system functions.

It may be the outcome of a direct trip of a vehicle (truck, train or ship) on the transport
infrastructure (roads, railways or waterways) or it may be the outcome of a round trip
of this vehicle that also provides other transport services. It might even be a transport
service that is provided by a complex logistic system including the reloading of this good
and different vehicle trips.
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The transport link includes all possible transport services between two locations. The
existence of a transport link between two locations means that there is at least one trans-
port service available.

A transport service is provided by logistic systems. This logistic system may be part
of another company providing logistic services.

The roles on markets for transport services (see [Liedtke] (2006) and [Friedrich]| (2003))

can serve to classify the actors involved:

e A shipper is the company sending the good
e A recipient is the company receiving the good
e Hauliers or carriers are companies that provide the physical transport service

e Forwarding companies negotiate between shippers and carriers and organize the
transport

It may however happen that companies include several roles, for example a shipper
that organizes and also carries out the transport. Therefore logistic systems can be part of
all companies. Logistic service providers however are only those companies that operate
logistic systems to provide services to others.

Logistic systems

A logistic system aims at providing services for the supply of goods. This includes trans-
port, storing and commissioning. The components of a logistic system are warehouses,
reloading points, transport links and all sorts of vehicles.

The transport services for the link can either be provided by another logistic system
or by vehicles. The transport infrastructure used by the vehicles, usually is shared with
different logistic systems.

Logistic systems are part of companies. This can be shipping companies that for ex-
ample have logistic systems for the distribution of goods, trading or logistic companies.
Logistic companies do not work on the provision of goods owned by the company but pro-
vide logistic services to other companies. Therefore they will be called "logistic service
providers" (LSP) in this study.

Looking at commodity flows, logistic systems are responsible for assuring the pro-
vision of the corresponding goods. Through the exchange of services between logistic
systems, a commodity flow or parts of the commodity flow can be assured by different
logistic systems.

Conclusions bottom-up and top-down analysis

As shown in the analysis, demand for freight transport emerges from the interaction of
economic activity system and transportation system. Logistic systems are the part of
companies (systems) within the economic activity system, that provide goods. Transport
services either provided by the system itself or other logistic systems are produced by
vehicle tours on the transport infrastructure. These are the transport flows that emerge
from the interaction of economic activity system and transportation system.
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The logistic systems can be seen as the entities that translate commodity flows, consti-
tuting the demand for freight transport in the economic activity system, into the vehicle
flows, constituting the freight transport demand on the transport infrastructure. To clarify
this process of translation, the concept of mesostructures will be introduced in the next
paragraph.

3.1.3 Mesostructures

How, where and when goods of a commodity flow are finally transported, stored, and
bundled, depends on the logistic systems involved. One can assume that the companies
(actors) that run these systems, try to optimize them. This optimization may happen for
the overall system or for parts of the system. It may happen isolated or in partnership
with other logistic systems. The core of the supply chain management idea, for example,
is a collaboration along the supply chain potentially including several logistic systems.
Logistics literature would assign such an optimization to the field of meso logistics
[2004). Therefore, we want to refer to the structures resulting from such an optimization
as logistic mesostructures:

A logistic mesostructure is an emergent operational structure, that handles
several commodity flows. It can be described by how, where and when
the goods of the commodity flows are transported, reloaded and stored. A
mesostructure is the result of an optimization of one or several actors under
specific circumstances. These circumstances include the state of the actors
and the state of their environment.

The first sentence of the definition emphasizes that mesostructures are a phenomenon
which can be observed in reality (emergent operational structure). The core of the second
sentence of the definition are the words "how, where and when": "how" should include
the bundling of goods and the resulting lot size, the mode of transport and the logistic
service provider used. "Where" describes the supply paths including reloading or storing
locations used and "when" refers to the point in time the different activities take place. The
last part of the definition emphasizes that the structures are the result of an optimization
under specific circumstances. Hence, it is assumed that the actors involved act rationally.
The circumstances refer to all factors influencing the optimization. They either result from
the situation of the actor himself, for example the characteristics of his overall logistic
system, or they are coming from the environment of this actor, for instance, transport
services that are offered by other logistic systems. The notion of rational behavior under
circumstances corresponds to the concept of bounded rationality (see (1994)) To
further clarify the concept of mesostructures, examples for mesostrucures are given and
the relation to the concept of networks will be described.

Examples of mesostructures and related concepts

Figure [3.4] gives examples for the formation of logistic mesostructures. The scope or the
set of flows included, depend on the perspective of the actor or group of actors. Depend-
ing on this perspective, different sets of flows are included in the optimization. The first
example takes the perspective of a logistic service provider, who includes flows from dif-
ferent actors. In contrast to the first one, the second example shows all outbound flows of
only one shipper, which is the view of a producer thinking about his distribution structure.
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Actor

Flows Included

Mesostructures
(represented as networks with times and quantities)

Retail Company

66 pallets/week
66 pallets/week
66 pallets/week

Flows to points of sales (POS)

Logistic Service All flows transported by LSP Truck, 33 p.,
Provider (LSP) (Mo, We, Fr) Truck, 22 p
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Figure 3.4: Examples of logistic mesostructures by actor perspective

The last example shows another perspective, the one of a retail company which includes
all flows that lead to the points of sales of the company.

The perspective determines which parameters are fixed or variable during the opti-
mization procedure. For any actor on the transport supply side (carrier or forwarder) the
lot sizes and the timing of each microscopic flow are given. On the other hand, a "pure"
demand actor depends in his decisions on the transport services offered. At the same time,
both sides interact with each other over time and sometimes the optimization might even
lead to an adaptation of the parameters of both sides (see for example[Holguin-Véras et al |
(2009)).

The mesostructures shown, include information about lot sizes and timing of the trans-
port. Still it is a simplified view of the structure, since geographic data and information
about the warehouses and reloading points used are left out.

Patterns or typical mesostructures

Since actors are in similar situations (distribution of goods to a set of stores for exam-
ple), the resulting mesostructures look alike and therefore can be recognized as patterns
(meaning structures that reoccur at different occasions).

Figure [3.3] shows such typical mesostructures in a conceptual way. Distribution and
procurement structures are established by producing companies, often also by using LSPs
for parts of the distribution (in practice - see interviews in appendix [C.2]- usually specific
distribution regions are allocated to LSPs). LSPs themselves do have their own view and
form their mesostructure including all commodity flows that they handle. This already
shows, that structures overlap, as also shown in the figure of interrelated networks in the
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Distribution structures of production companies
(example: consumer product manufacturer)

Procurement structures of production companies
(example: automobile manufacturer)

Warehouse with inbound and outbound flows of
wholesaler or LSP offering warehousing

(example wholesale market for flowers)

Structure of retailing company or LSP offering
distribution services
(example: warehouse locations of a food retailing chain)

Hub and spoke networks of transport service provider
(example: mixed cargo or postal network)

Tour patterns of forwarding companies (see Liedtke and Schepperle,2004)

Warehouse/ O Factory/

— C dity fl
e reloading point Point of sales (POS)

Figure 3.5: Typical Mesostructures (patterns)

next paragraph. Hub and spoke networks are also a reoccurring mesostrcture, for example
postal networks or mixed cargo networks.

Figure [3.6] shows tour types identified out of empirical data by [Liedtke and Schep-]
(2004). In this context, they represent concrete empirical examples for very simple
logistic mesostructures. Simple, because they do not include reloading points or ware-
houses and only represent the limited perspective of single vehicles. In these cases the
optimization would be limited to the tour optimization of single vehicles. These structures
probably are part of larger structures that take a broader perspective for optimization. In
chapter [6] empirical examples for more complicated mesostructures in food retailing are
given. Since these structures include thousands of flows, visualization becomes difficult
and graphs only contain single aspects of the structure, like number and location of ware-
houses or locations of suppliers.
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Figure 3.6: Tour types (Liedtke and Schepperle] 2004)

Depending on the perspective of the actor, different attributes would be used for fur-
ther classifications. For distribution structures number and levels (regional or central) of
warehouses or frequency of delivery are of interest. For a network of a LSP number of
vehicles used and structure of the transport chain (e.g. Hub and spoke) are of interest.

Relationship to the concept of "Networks™

As sketched in the preceding paragraph, mesostructures can be represented as networks.
A basic definition of a network from graph theory is a set of vertices and a set of edges
connecting the vertices. In this sense one could describe a mesostructure as a network
with the vertices representing locations of the economic actors and the edges representing
transport connections between the locations. Additionally, the information on timing,
mode, and lot size for the transport has to be represented.

The focus of the concept of mesostructures is on the emergence and the dynamic de-
velopment of this network. A mesostructure consists of commodity flows that can, in
the network sense, be represented as paths on the network including several vertices and
edges. A network is either the result of a mesostructure (e.g. distribution structures) or a
mesostructure uses other networks (e.g. transport networks of logistic service providers).
Network effects, e.g. economies of scale through bundling the transport, are drivers that
form mesostructures.

Network theory (Newman] 2006) can provide methods and ideas for modeling the
emergence of mesostructures. Only recent research in network theory emphasizes the
aspects of networks as evolving structures and dynamic structures, which includes the
aspect of interaction (Newman] 2006)). This fits very well with the presented concept of
mesostructures explaining the emergence of logistic networks.

Interrelated mesostructures

Mesostructures are interrelated: actors include commodity flows into their considerations
that are also included in other actors optimization. This is because different actors are
involved in handling the same commodity flow. By definition the commodity flow al-
ready connects two locations with potentially two actors. By using services of LSPs,
this number increases. (2003)) designs a picture to represent inter modal connec-
tions between networks (figure |3;7[), which fits well to our understanding of interrelated
or entangled logistics mesostructures.
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Figure 3.7: Interrelated networks [2003)

Micro-Macro gap in freight transportation

Looking at commodity flows resulting from economic activities of actors on the one hand
(micro perspective on transport demand) and at traffic loads of the transportation system
(a macro perspective) on the other hand , there seems to be an explanation gap between
the micro demand of transport and the macro picture of transport. This gap is visualized
in figure 3.

One can distinguish between the micro, meso and macro levels: The macro-level on
the top corresponds to the perspective of transportation planners and policy markers. This
level deals with aggregate truck flows on infrastructure networks, market shares by seg-
ment or container throughput in ports.

The micro-level corresponds to the perspective of individual decision makers. The
arrows in space symbolize commodity flows. These flows are combined in groups to
form logistic mesostructures, that represent the meso-level.

From this meso-level the link to the macro level can be established by aggregating the
vehicle tours. To arrive at mesostructures in form of vehicle tours, several steps of actors
and group of actors may have taken place. For example a producer of consumer goods
may have commodity flows from his factory to different retailing stores. He might at first
combine these flows to a distribution structure and than give some combined flows to a
forwarder who might again combine these flows together with others to vehicle tours. To
model these steps methods of optimization and simulation can be used.

Since commodity flows are very different to vehicle trips, there seldom is a direct link
from micro to macro, but one has mostly to understand the meso level to be able to explain
phenomena of freight transport on the macro level. This gap between micro and macro
level and the importance of a meso level was already shown by [Sjoested (2004). He
differs between micro and meso by number of actors involved (not by using the concept
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Figure 3.8: Micro-Macro gap in freight transportation

of commodity flows), but concludes as well that there is a gap and that there "is still poor
understanding of methods and data needs to handle the meso level".

3.1.4 Decisions leading to freight transport demand

As described before, mesostructures emerge out of an optimization, which means that
there are rational decisions leading to mesostructures. This paragraph will discuss these
decisions in more detail. It will be orientated at the ideas of [Eisenfiihr and Weber] (2003))
that discuss rational decision making. This general approach is chosen since it includes
all kinds of decisions not just discrete choices, as it is often assumed in transportation
system analysis.

Following Weber (Eisenfithr and Weber] [2003]) components of a decision problem are
alternatives, influences of the environment, consequences, objectives and preferences of
the deciding party. Alternatives can be discrete alternatives or more generally a solution
space of alternative solutions. The environment describes the factors that influence the
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decisions and are perceived as external factors for the deciding party, hence cannot be
changed by it. The consequences are the states of the system and its subsystems that will
occur if an alternative is chosen. Finally, the objectives and preferences of the deciding
party determine the criteria and the objectives based on which the optimization takes
place.

These components and their application on logistic decisions will be discussed in more
detail, but before existing logistic decisions will be described in form of a choice hierar-
chy.

Hierarchy of decisions leading to freight transport demand

Company Aspiration Choices
(Profits, Growth)

Activity Pattern Choices
(Product Mix, Markets, Volumes)

Business Location Choices
(Factory, Distribution Regions)

Sourcing Choices
(Suppliers)

Logistic Location Choices
(Warehouses, Reloading Points, Network design)

Supply Path Choices
Mode Choices
Lot Size / Frequency Choices

Dispatching Choices
(Tours, Actual operational lot size)

Figure 3.9: Levels of choice for a firm (Top three levels based on [Manheim| (T979))

There is a number of decisions going down from economic activity to vehicle flows
on transport infrastructure. The idea of introducing a sort of hierarchy originates from
Manheim (Manheim| (T979), p. 62). He lists levels of choices in the activity system that
lead to passenger and freight transport demand. For freight transport demand, this list is
very focused on the economic activity, it therefore was extended by logistic decisions for
this study (see figure[3.9).

The first three levels are purely related to economic and non-logistic activity: There is
the choice of overall aspirations for the companies, describing for example if the company
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is profit oriented. Then there is the choice of the activity, i.e. which products should be
produced and which markets they should be produced for. Finally, the locations for the
activity are chosen. It can be differentiated between the choices of business locations,
logistic locations, and sourcing locations. On the first three levels, considerations on lo-
gistic systems have only a limited influence, they are probably driven by considerations
on business activity like the questions which products are in demand, where to locate
this demand (geographically) and where to find production resources. But nevertheless,
especially for the third level, factors like accessibility and availability of compatible trans-
port services determine the spatial environment and might therefore play a role. On the
fourth level (sourcing) logistic considerations have already influence, since the costs for
transport will be an influencing factor for the choice.

The bottom five levels represent pure logistic choices. For this study, it was tried to
order them in an hierarchical way: On the fifth level there are the choices of logistic
locations for warehouses and reloading points. Taking these as given, there are different
supply paths that can be chosen for the commodity flows, including for example which
warehouse to use. Having assigned commodity flows to paths, one can think of the choices
that can be taken for bundles of commodity flows on parts of the paths like choices of
mode and delivery frequency or lot size. Finally, there are choices that have a more
operational character on the actual dispatching level, as the choice of tours and order size.

This list is a simplified hierarchy of choices. In practice, decisions often integrate
several choice levels. The choice of a logistic location for example depends highly on the
business locations as well as on the future supply paths chosen in case the alternative is
implemented. Thus, a decision on warehouse location might also include the decision on
supply paths. The planning of a logistic system (Gudehus|(2004)), p. 571) integrates many
levels (logistic location, supply paths, frequencies and modes).

The example of a dispatcher in a food retailer warehouse shows how fluent the borders
between the levels are: The dispatcher decides on the order size based on the actual de-
mand, the factors he knows of that will change the demand in the near future (for example
promotions, sport events) and tendencies of demand that he knows from his experience
(seasonal fluctuations). If he realizes that order sizes get very small (or very large) due to
a mid-term/long-term change in demand, he will initiate a change in frequency of deliv-
ery, which would already be part of the next level of choice in our framework. This shows
the degree of level integration in reality. Not only the levels are determined top-down by
the logistic choices taken for higher levels but also bottom-up by feedbacks that can lead
to a rethinking of the higher level.

The model developed in this study, will focus on the logistic choices starting with the
logistic locations and will leave out the short-term level.

In the following paragraphs, the components of these decisions and the specifics and
challenges in the logistic context will be discussed in more detail.

Alternatives

Two important questions arise for the identification of alternatives in logistic decisions:
dependency between the levels and existence of discrete alternatives.

As discussed in the last paragraph, the levels are interdependent. Usually, decisions on
a higher level will also include the choice options on the next levels (top-down), thinking
about a new warehouse would, for example, for sure include considerations to change
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the current supply paths of commodity flows. And, as described, choices on lower levels
initiate potentially rethinking of choices on higher levels (bottom-up). In this context
also the dependency on the economic activity is important. In some areas this limits
the potential solution space. An example is the choice of food retailers to what extend
perishable goods are part of the assortment, which clearly limits the time available for
logistics.

The second question focuses on the solution space: can a limited number of alternatives
be isolated? Some decisions in logistics like location choices are combinatorial problems
that have a huge amount of potential solutions. Other decisions like the one on lot sizes
have continuous parameters. This indicates that the assumption of discrete alternatives is
questionable. One might argue that a limited number of representative solutions could be
isolated, but since each company taking these decisions, has different circumstances (dis-
tribution of economic activity, transport services offered, transport infrastructure), these
alternatives would be different. This is part of what makes the heterogeneity in freight
transportation. As a consequence, it is difficult to apply stochastic discrete choice models
in freight transportation. So the statement of Manheim that "most transport choices are
among discrete items" (Manheim|(I979)), p.86) cannot be applied to logistic choices.

Influences of environment and consequences

The determination of consequences and influences is not easy for logistic decisions. The
right parameters describing the consequences and the right scope concerning both time
and adjacent systems have to be chosen.

The first difficulty is to choose the right parameters describing the consequences that
together with the preferences determine the outcome of the decision. [Gudehus| (Z2004)
speaks of planning a logistic system by developing a system that meets the performance
requirements with minimum costs. This leaves the cost parameter (to be minimized) as
only decision parameter and puts all other parameters into the prerequisites to be formu-
lated, for example in form of service levels. Besides hard requirements like capacity and
throughput time, there are softer quality parameter as listed by [Beuthe etal] (2004)) like
reliability, safety or flexibility.

The second challenge is to determine the right scope. For the scope of logistic systems
it has to be clear that decisions in one logistic system have consequences on the adjacent
systems. A new warehouse structure in a logistic system of a retailer for example changes
the throughput costs and therefore adjacent logistic systems of suppliers might change
their supply paths. To what extend does the retailing company already include the changes
of the adjacent systems into its considerations?

Also concerning the time horizons the question of scope can be rethought. Although
the inclusion of future aspects in the decision seems clear and as Weber states
[fihr and Weber (2003)), p.7) the future orientation is rational (backward looking would be
irrational), there is still the question how far into the future the consequences shall be con-
sidered. Since predictions of the future become more fuzzy the longer the time horizons
considered get, it only does make sense to a certain limit. Of course this depends also on
the level of choice. The explicit recognition of future consequences is emphasized in the
term of a forward looking decision.
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Deciding parties

Determining the scope of the decision problem also means to define the deciding party,
including its objectives and preferences. Often, there may be several actors (forming a
party) involved and actors may have different and even conflicting objectives. Ortuzar and
Willumsen (Ortuzar and Willumsen] (T990)), p.432) mention this as a factor which makes
freight transportation modeling especially complicated compared to passenger transporta-
tion modeling. There may be for example a discussion between a supplier and his cus-
tomer: the supplier wants to deliver large lot sizes (since he has to pay for transport,
handling etc.) the customer does want small lot sizes (since he will have to pay for the
capital and storage cost at his location). To explain the outcome of such a decision sit-
uation, certain forms of relations and interactions between firms have to be assumed: if
they cooperate - this means to agree on a shared objective, which could be minimization
of total logistic cost in the example - or how they negotiate the result, including their in-
fluence and power in this situation (see game theory [Varian] (T993))) - the customer might
for example insist in having small lot sizes if he has a strong position.

Conclusion

The analysis of logistic decisions shows that a hierarchy of choice levels exists and that
there are certain dependencies between decisions. Furthermore, because of these de-
pendencies the solution space in logistic decisions cannot be reduced to a typical set of
discrete alternatives, the application of discrete choice theory is therefore difficult. There
are also many open questions that depend to a large extend on the sector of the company
and the context of the logistic system under consideration:

e To what extend does the economic activity limit the alternatives?
e What parameters are considered to describe the consequences?

e What is the scope of consequences to be considered (time and adjacent logistic
systems)?

e Who are the deciding parties and what are their preferences?

3.1.5 System states and equilibria

In this paragraph, system states of individual logistic systems as well as the overall sys-
tem, including the market for logistic services and the transportation system will be dis-
cussed. The state of a logistic system is defined by the logistic choices made. A logistic
mesostructure, describing a temporarily stable state and where, when and how all com-
modity flows are handled, describes to a certain extend the state of a logistic system,
especially, if all commodity flows handled by the logistic system are included into the
optimization of the mesostructure. The state of the overall system is defined by the state
of all logistic systems and, in terms of transportation, by the vehicle flows on the transport
infrastructure.

In transportation system analysis, two states of the overall system are differentiated:

the overall system optimum and the user equilibrium (see for example
[Willumsen| (1990)). The idea of a traffic equilibrium was already expressed by Knight
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in 1924 [1924). Wardrop formulated the first and second Wardrop principle de-
scribing the conditions for these states (Wardrop] [T952), they refer to the route choice
between two points:

e Wardrop’s first principle: "The journey times in all routes actually used are equal
and less than those which would be experienced by a single vehicle on any unused
route." This refers to a user equilibrium since there is no motivation for a single
actor to change to another route.

e Wardrop’s second principle: "At equilibrium the average journey time is mini-
mum." This refers to a state where the system is optimal since the average journey
time is minimum.

A rigorous framework to express these principles was formulated mathematically by
Beckman etal] (T956). With this, it can be shown that a general condition for a unique
solution (user optimum) is that the cost-flow functions are convex. This means espe-
cially that "the cost-flow curve should not have sections where costs decrease when flows
increase" (Ortuzar and Willumsen| (1990)), p.358). At this point there is an important dif-
ference looking at the allocation of commodity flows to logistic systems (like within the
supply path decision): average costs will increase if more flows are assigned to transport
infrastructure, but average costs often decrease if more commodity flows are assigned to
a logistic system.

Average transport costs Average throughput costs
(Transport distance of 225 km) (high-bay warehouse)

80 - 6,00 1
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40 4 3,00 4
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Transport costs [EUR/ pallet]
Throughput costs [EUR/ pallet]
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Figure 3.10: Examples of decreasing average costs in logistic systems (Source: observed
transport cost matrix and warehouse costs in[Gudehus| (2004), p.664)

This results from economies of scale in logistic systems. Two examples of cost com-
ponents within logistic systems demonstrate this. On the left side of figure [3.10] average
transport costs per pallet are shown that are taken from a transport cost matrix of a logis-
tic service provider. The higher the number of pallets the less money is asked per pallet.
On the right side warehouse throughput costs per pallet for different warehouse sizes are
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displayed. Again, there is the effect that larger warehouses lead to lower throughput costs
per pallet.

The overall system of freight transportation incorporates all logistic systems. Follow-
ing the argumentation above, there can be different stable equilibria (user optima) for the
overall system since cost functions (cumulated costs for transport or warehouse through-
put in the examples) are not convex. Depending on the situation and the dynamic, or
depending on initial settings and simulation procedures in a simulation model, the system
can end up in different states. This accounts especially for the supply path decision, which
represents the allocation of commodity flows to different logistic systems. To circumvent
this problem and to identify stable characteristics of logistic systems, the modeler has to
refer to higher decision levels with convex underlying cost functions. In food retailing the
forward looking decision on the overall warehouse structure with a defined set of com-
modity flows fulfills this requirement. The resulting convex function of total logistic costs
will be discussed within the model definition (see chapter ]and figure [5.13).

But, another problem can occur for logistic systems: there can be system states that are
close in terms of costs but very different in terms of shape and implications for transport.
An example are different warehouse structures shown in chapter [] Especially in cases
where the determination of costs is difficult in practice or changes in costs occur, this is
very relevant. Reasons of a difficult cost determinations can be:

e The dynamic of the activity system, circumstances change continuously and so does
the optimal logistic solution.

e The complexity of optimization problems that have to be solved by approximative
heuristics.

o Limited information.

For the discussion of model results and empirical observations both aspects have to be
considered: the overall system can have multiple stable states, at least on certain decision
levels, and states of logistic systems can be close in terms of costs but very different in
terms of shape or implication for transport.

3.1.6 Conclusions from system analysis

The system analysis in this section discussed systems and elements involved in freight
transport demand, decisions that lead to freight transport demand, and system states of
the overall and individual logistic systems.

The main system elements identified are:

e Commodity flows, since they are the microscopic freight transport demand coming
from economic activity.

e Companies and their establishments, since companies are the deciding entities and
establishments are the entities located in space.

e Logistic systems and their components, since within these systems freight transport
demand from economic activity is translated into freight transport demand in the
transportation systems.
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e Mesostructures as results of the activity of logistic systems, since they can be ex-
plained by an optimization logic and are the objects needed to bridge the micro-
macro gap.

The analysis of decisions showed that a hierarchy of decisions leading from economic
activity to freight transport demand can be established. But, sectoral specificities of the
retailing sector have to be analyzed to determine which decisions are taken, which scope
they include, and how far decision levels are treated integrated.

Finally, it was discussed that the state of the overall freight transportation system is not
unique and that logistic systems can differ significantly in shape while being close in terms
of costs. Empirical observations and model results have to be discussed accordingly.

The next section will first discuss data sources, then the food retailing sector in Ger-
many will be described in detail. This is done to be able to define the right simulation
procedures and optimization problems later in the study.

3.2 Research methods and data sources

In this section, the data sources are discussed. Data is needed to reason the design of the
model and for model input. The discussion will be focused on the methodologies and type
of sources used, the description of the findings and the data itself will be done in the next
section in form of an analysis of the food retailing sector and its logistic systems.

Methods and their application in different phases of model development will be subject
of the first paragraph. Then, sources and studies available will be described shortly, empty
spots will be identified, and the approach of expert interviews, used for basic knowledge
generation in this study, will be outlined.

3.2.1 Research methods

Figure gives an overview on research methodsﬂ . The first dimension expresses the
dependency on the researcher (rational-existential), the second dimension describes the
kind of information used, from direct observation to artificial reconstruction of reality
(natural-artificial).

In this framework, SYNTRADE would be classified into the upper right corner as ex-
planatory model or at least into the area of simulation. But to make this research relevant,
the "artificial reconstruction of reality" should be as close as possible to the real world.
Therefore it has to be based on knowledge and data resulting form the left side or the
middle of the framework like surveys and statistics. Depending on the phase of develop-
ment of the model, the scope of information need is different. In the beginning, when the
design of the model has to be determined, it has to be decided what cause and effects and
what drivers should be included. Research in the lower part of the framework is needed
for those questions, since the focus is more open, whereas in surveys the questions and
data points are sharply defined and the scope of the model that can be built on surveys is
already narrowed.

This reflects also the experience of research in other areas. Bonoma (Bonoma] (1983),
p-207) concludes in a paper on case research that methods that have "high currency"

2y originates from a study on how knowledge is generated in logistics research (adapted from
(2007), p.43) the author cites this framework on research methods originally developed for the area of
operations management (Meredith etal) [TO89) and describes the application of this framework in the
area of logistics.
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Kind of information used
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Figure 3.11: Research methods framework (adapted from [Vafidis| 2007), p. 43)

like case research and interviews, are particularly useful "when a phenomenon is broad
and complex, where the existing body of knowledge is insufficient to permit the posing
of causal questions, and when a phenomenon cannot be studied outside the context in
which it naturally occurs". This can be referred to logistic system embedded in a system
environment of economic activities and adjacent logistic systems. In a first phase, the
drivers that determine the system have to be understood to shape the model design and
scope.

In a later phase, as usually in macroscopic research like transportation system analysis,
representative data of whole sectors or economic areas is needed to model the overall sys-
tem. This data often origins from statistically representative surveys or statistics.
(T999) connects this different needs with the level of the research problem. He assumes
that qualitative and dynamic research methods mainly are associated with the micro level
whereas static and quantitative methods are more connected to the macro level.

For this study, several methods are important: qualitative case research and interview-
ing has to be done to design and scope the model and to base it in reality. Data from
surveys and studies of more precise and quantitative nature on the other hand have to be
used as input and calibration parameters for the model.
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3.2.2 Data and studies used

This paragraph serves as an overview on data sources used for this study. In terms of
sectors, this is general economic data, including all sectors with links to food retailing
and more detailed data on the food retailing sector including logistic activities in and
around the food retailing sector. In terms of geography, the main focus is on Germany,
since the food retailing sector of Germany is the application example.

Data from official statistics and scientific research was used as well as data from com-
mercial data providers, business reports and raw data from business activity.

Classifications are closely related to data and mostly determined by the objective of the
source. Linking the classifications is a key challenge, especially if multiple data sources
are used. Therefore, classifications and links between classifications will be described as
well as the sources

General economic data

The environment of the retailing sector comprises almost all economic activity, including
most sectors and all regions. The classification for economic sectors in Germany is the
WZ classification (Statistisches Bundesam, [2008b), which is orientated at the European
classification NACE (EU} 2002)), which is based on the ISIC classification (UN] [2009)
of the UN. Regions are classified according to the "Nomenclature of Territorial Units for
Statistics" (NUTS) (EU] 2001) published by the European Union. The following general
data, mainly from statistics, is used to catch general economic activity:

e The statistic for employees subject to social insurance contribution published by the
national labor agency in Germany (Bundesagentur fiir Arbeit] [2008)): Since this is a
census, reports on a detailed regional and sectoral level are possible. But since data
of individual establishments must not be disclosed (by law), data on detailed levels
gets left out especially when reports on a detailed regional and sectoral levels are
produced. For this study, a report on the NUTS-3 and 3-digit WZ level was pro-
duced, the gaps caused by non-disclosure requirement where filled by a procedure
presented in chapter 5]

e Statistics on business establishments in form of distributions of employees per es-
tablishment (Statistisches Bundesami], 2006b): This statistic exists on a detailed
sectoral level (4-digit WZ). To generate a synthetic economic landscape, this statis-
tic was combined with the employee statistic.

e Input-output tables from national accounting (Statistisches Bundesamt, [2008d):
These tables contain information on the linkages between economic sectors, con-
sumers and the state in monetary flows. Figures on imports, exports and invest-
ments for each sector are included as well. The monetary flows represent goods
produced by one and consumed by another sector. Estimates on transport volumes
have to be based on estimates on value densities of products. Estimates on trans-
port volumes in trade sectors cannot be based on input-output tables since products
are neither produced nor consumed in these sectors. In the model, this statistic is
used to estimate the total of flows, consumed in regions by consumers or sectors
that need similar products as input. Together with estimates on flows from sectors
into food retailing, the resulting delta can be calculated, representing those flows
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to regions that are not distributed via the food retailing sector. Also estimates on
import proportions are based on this statistic.

e Production statistics (Statistisches Bundesami, 2006d): Production is published
down to a very detailed level (9 digits) in the GP classification (Statistisches Bun-
[200T)) which corresponds to the NACE sectors and builds on the European
CPA classification. On this level, amounts produced in weight, volume or pieces
are given. The problem is the aggregation to higher levels (e.g. 3-digits) since
on higher levels only monetary values are published. To get an estimation, a very
time consuming procedure has to be applied, involving estimation of average value
densities, as done by [Friedrich] (2003). In the model, data from production statis-
tic is used together with sector specific data (see next paragraph) to estimate value
densities on weight and volume.

e Foreign trade statistics (Statistisches Bundesamf] [2006a)): They include monetary
values as well as weights for import and export flows. Reports can be created in
GP classification on a 4 digit level. This can be used in the model to detail the data
on import and export flows and also to improve estimates on value densities - it
has to be considered that monetary values in foreign trade correspond to wholesaler
prices.

e Data on distances between regions: They where calculated, based on the shortest
distances in road infrastructure networks (using the Dijkstra algorithm (Dijkstral,

[[959).

Data on the food retailing sector

The more specific data needs are, the more sources from private institutions like associa-
tions, commercial data providers or even individual companies have to be used. Following
sources have been used for this study:

e Trade statistic and general description of retailing sectors (Statistisches Bundesam
(2009) and [Statistisches Bundesamf (Z003)): The trade statistic publishes turnover
of trading activity according to WZ classification (4 digit level) and to trading ac-
tivities. The classification of trading activities in this statistic is not related to other
classifications of goods or sectors. For this study, based on this statistic, the turnover
of the food retailing sector and the proportions of non food versus food for the over-
all sector was estimated. Furthermore, the statistical office publishes a description
of the structure of retailing in Germany that contains definitions used in this study.

e The "EHI Retail Institute" (EHI Retail Institute] 2007): This institute publishes all
sorts of statistics and data related to trade. For this study data on article assortments
was used: For different retail formats, the break down of article numbers to assort-
ments are given, for the retail format "Supermarkt”, even a breakdown of turnover
to assortments is given. The data originates from studies of the EHI. Based on this,
turnovers and number of articles for different assortments and different retail for-
mats were estimated (see chapter ). The classification used for the assortments is
the GS1 goods classification. This classification is maintained and sold by the GS1
institution (GST} [2009). This classification is widely used for cross company article
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identification in logistics and the retailing sector (worldwide). The EAN code (bar
codes on consumer products), for example, incorporates this classification. It is
based on the old official classification of traded goods in Germany that is not main-
tained by the statistical office any more (since the 1970’s). To determine suppliers
for the retail companies in the model of this study, a link between the assortments
(that are based on the G1 classification) and the classification of economic sectors
had to be established (the linking table is shown in appendix [B.2)).

e LZ report published by a German food journal "Lebensmittelzeitung"
te] Zeitung] 2007): In this report a lot of statistics and data concerning the retailing
sector are published. Sources of this data are statistical offices, ministries, asso-
ciations, research institutes (EHI, IRI), commercial data providers (GFK, Nielsen,
Trade Dimensions) and the journal itself. For the model of this study estimations
for value densities for weight and volume (see appendix [B.I) and break downs of
article numbers and turnovers (see chapter [5) to assortments were based on data
from these sources. Also articles in the journals on actors and developments in
this sectors allow to generate insights on the behavior of actors in and around the
retailing sector (see section[3.3)).

e Data on companies in the retailing sector published by commercial data providers
like AC Nielsen or Trade Dimensions: For this study, data on turnover, number of
articles, locations and number of stores as well as locations and number of ware-
houses were used to calibrate and test the model.

e Scientific studies on the retailing sector and logistics in the retailing sector (Magnus|

(2007), [Grosspietsch| (2003), [Thoneman]| (2003), [Toporowski] (I996)), [Van der V i
(2007)): These studies have provided examples and insights in logistic behavior of

actors (see section [3.3).

e Publicly available data on individual companies (internet sites and financial re-
ports): This data has been used to verify aggregated data form research institutions
and commercial data providers.

Data on transportation and logistics

An overview on sources for continuous freight data in Germany and other European
countries was produced by the BESTUFS project (Binnenbruck] 2006). For the US, an
overview exists within the "Quick Response Freight Manual", published by the Federal
Highway Administration (Beagan et al] 2007).

Although a lot of data on traffic and transportation is available, it often does not cor-
respond to the data needs in freight transport demand modeling. The main reason for
this is that modeling freight transport demand is concentrated on the interaction between
economic activity system and transportation system which mainly happens within logis-
tic systems (see chapter [3.I). Statistics in the area of transportation however are more
concentrated on traffic and entities from the transportation system (vehicles) or transport
infrastructure and less on logistic systems. Before describing the data used, this is shown
by listing some sources that could not be used:
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e Traffic data (see for example traffic count data (BAST] [2006) or traffic statistics
[2008)): Since this data mostly is published in an aggregated form, it would
require a model that covers the totality of the aggregate to compare it to model
results. Thus, an exact calibration of the model with this data is not yet possible,
but could become possible for future disaggregated models that cover the totality of
traffic generated or parts of traffic generated (for example all food transports).

e The commodity flow survey of the KBA (Kraftfahrt-Bundesami, [2007)): This survey
tracks vehicle movements of trucks (over 3.5 t). Since the statistic focuses on the
activity of single vehicles, it is not possible to generate typical sets of commodity
flows of economic actors out of this data. Also goods are classified in the old
NSTR classification (Statistisches Bundesami], [T996])) which does not match with
the CPA classification of goods produced (this will change when the new NST-
2007 (Statistisches Bundesamt], 2008c) classification will be applied). The data
could therefore not be used for this study. Nevertheless, [Liedtke and Schepperle]
(2004) managed to isolate typical tour types out of this data that can be used as
empirical examples for simple mesostructures.

e Data on vehicle inventory and company structure of transport logistic service
providers (DIW] (2008), Bundesamt fiir Giiterverkehr (BAG)| (2008)), [Kraftfahrt]
[Bundesami] (2008)): Since vehicles and tour dispatching are not described in the
model and logistic service providers are represented in a simplified way, this data
was not applied.

e Data on land use (Bundesamt fir Bauwesen und Raumordnung BBR] 2007): This
data was not used since the sectoral detail is too rough. Therefore, an artificial
industry structure was reproduced, based on employee data and data on distributions
of number employees per establishment.

Nevertheless, there were also some sources that could be used for this study:

e The study on logistic markets of (2008): It provides an overview on partial
markets and actors. This was used for considerations on the separations of markets
for logistic services in the model.

e Logistic cost data was taken from different sources: In the study of [Hannemann|

(2007) price matrices for truck transport in Germany are simulated and [Gudehus|
contains detailed data on warehouse cost calculation. Also statistical data
on cost [2008)) could be used to determine the price development of trans-
port services. Direct cost data from operations was used, when available, like the
transport price matrix of a logistic service provider which was used as a basis to
calibrate the batch size model.

e Data from operations: In general such data is difficult to get, moreover it mostly
provides case examples and not representative data. An example is data from In-
ternet platforms where logistic service contracts are traded (like Cargoclix in Ger-
many). Partially, the information published is very rich (including for example
names of shippers, destinations, sending structure), but the data only represents
part of the activity of single actors. Nevertheless, this data can serve as exemplary
input to determine typical behavior of actors and thus to design the model.
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e Other logistic studies provide case examples, general ideas on logistics (books on

logistics like [Pfohl] (2004)), [Arnd{] (2004)), [Gudehus| (2004)) or categorization of ac-
tors (Clausen et al} [2007)). They can be taken as input to determine logistic behavior

and design the model.

3.2.3 Open data spots

The formulation of open data spots in this paragraph is held general and thus can be seen
for freight transport demand modeling in general. At the end of this paragraph, some
short remarks will be given on how these gaps were filled for the study at hand.

Requests of scientists and transportation planners for additional data are usually bi-
ased by the author’s objective and specific data need of a certain model to be satisfied.
In the last section the phenomenon of logistic mesostructures was introduced rather by
empirical observation than by a formal model. Thus, it may serve as a more neutral start-
ing point to determine open data spots for freight transport demand modeling. Three
needs of data can be identified: data on the system borders or scope of mesostructures
and the attached optimizing actor(s), data on the internal structure and characteristics of
mesostructures, and data allowing the deduction of behavioral rules for logistic decisions
and the corresponding optimization that can explain the form and dynamic development
of mesostructures.

Scope and system borders of logistics mesostructures

To decompose the whole transportation system into a set of loosely coupled mesostruc-
tures the scope and the system-borders of mesostructures have to be defined. This means
to collect information on the commodity flows passing through a mesostructure, as well
as on the actor(s) that optimize the structure. On a micro level such data, at least in Ger-
many, is not available in form of a representative survey. But there are some attempts and
discussions to close this open data spot:

e Starting from macro statistic one can think of models, artificially reproducing inter
sectoral flows in a more detailed sectoral and regional resolution. The MRIO model
of Cascetta (Cascetta] (2001)), p.232) is an example of generating an inter-sectoral
and inter-regional commodity flow matrix. The approach from Liedtke and Ba-
bani tries to determine the most likely relationship between inter-sectoral flows and

transport-flows using an entropy maximization method (Babani] (2003)), [Babani and|
(2007)). Micro-level models can use such data to simulate the microscopic

commodity flows between companies (see (2006) or chapter [3)).

e Shipper and carrier surveys should also raise information which is suited to posi-
tion the mesostructure within the economic activity system, logistic systems, and
the transportation system. Many surveys, however, do not do this, examples are the
lorry survey of the Kraftfahrt-Bundesamt (federal office for road freight transport)
in Germany (Kraftfahrt-Bundesamt], 2007) which does not raise the information on
the sectoral origin or destination or the shipper survey of the DLR
[2006) that does not include information on sector of the recipients. Two positive
exceptions in this context should be mentioned: The French ECHO survey
[bailt and Soppé| [2007) that traces shipments from their source to their destination
along multi-stage transport chains. Each time another agent is commissioned with
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the transport process, the study also investigates this actor and his detailed oper-
ations. But as a result, this survey is extremely costly. The Canadian national
Commercial Vehicle Survey (MTO} [2009) distinguishes between manufacturers,
wholesalers, distribution centers, intermodal transshipment terminals as points or
origin or destination of transport cases.

o It is necessary to identify new types of homogeneous groups. In this context, homo-
geneity refers to the kind and number of microscopic commodity flows and could
be extended to behavioral aspects. Friedrich (Friedrich etal] [2007)) shows that the
so-called sector relations (information on source and destination sector) are a sim-
ple and important concept for this purpose. But especially, if behavioral aspects are
considered too, more characteristics are needed to describe homogeneous groups as
this study or a study in chemicals (Schoenhaar 2008) show. The formulation of a
topology of homogeneous logistic groups covering all economic actors, including
the structure of microscopic commodity flows and logistic behavior, is a research
work not yet accomplished to our knowledge.

Structural data on mesostructures

For the design, calibration and validation of models simulating the formation of
mesostructures, it is important to have representative data points. A representative col-
lection of data especially on large mesostructures including many actors and often their
complete activity patterns would be very difficult. In addition, confidentiality issues arise
on the side of companies. Therefore such surveys have to be limited to some key parame-
ters that characterize the resulting mesostructures. Data on logistic locations (warehouses
and reloading points) would surely provide such parameters. This kind of data was al-
ready requested from different sides like the BESTUFS report (Binnenbruck] [2006)) that
gives an overview on current urban freight data collection and identifies open spots.

Behavioral data

There is plenty of knowledge on normative models from logistics describing optimal be-
havior for specific situations. However, normative models do not cover all situations of
economic actors, and normative (optimal) behavior may differ from real world behavior
because of specific circumstances. Research on descriptive models (surveys and mod-
eling) in the area of transportation system focuses mainly on the mode choice decision.
Research is missing for all other decision levels and for integrated decisions. Especially
for more complex combinatorial decision problems (like warehouse structure), the real
world "optimization" procedures would be of interest. Statements of practitioners and
researchers in logistics show that models described in theory often do not correspond to
real world situations (Gudehus| (2004), p. 45).

Modeling real world behavior can either mean higher complexity but also simplifica-
tion. For instance: retail stores in food retailing usually have daily deliveries because of
the fresh products. In such a case, the theoretic frequency decision between warehouse
and stores is not necessary in a freight transportation model (see section [3.3).

To determine such behavior, research methods that are open to the unexpected (like
case studies and expert interviews) have to be used. The influences and therefore the pa-
rameters of the decision under consideration may differ between sectors and even within
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sectors and, thus, may not be known beforehand. Only, if a model is already developed
that describes this behavior, empirical surveys covering a large number of interviewees
will become significant.

Closure of data spots for this study

For this study, logistic systems and commodity flows are mostly generated out of existing
data or simulated (see next section for details). To verify the model results, data on ware-
houses in the retailing sector published by commercial data providers are used. These
commercial sources are specific to the sector and to warehouse structures. Therefore,
open data spots for structural data on mesostructures are likely to exist for most other sec-
tors and also for other kinds of mesostructures. The open data spot that is most difficult
to be filled, is the area of logistic behavior. Therefore expert interviews were carried out
that will be described in the next paragraph.

3.2.4 Expert interviews

In this paragraph, the motivation to choose the empirical method of expert interviews,
measures to assure accuracy, and details on the process will be outlined.

Motivation

As shown in section [3.2.T|expert interviews are a scientific method that is advisable in the
context of complex systems where influences and relations have to be determined with-
out the predetermining character of a questionnaire. "In an expert interview, experts are
given questions that they can answer in a free speech and in their specific terminology.
The interview guideline serves to start a topic focused conversation but not to predeter-
mine more or less fixed answer categories as this is the case in structured questionnaires."
(translated from (Mieg and Naf] 2009), p.4).

The main goal of the interviews in the context of this study was to determine logistic
behavior which means the scope and time horizon of the decision problems and the solu-
tion procedures in place. This also includes the embedding in surrounding systems. The
researcher therefore has to be open-minded to unforeseen factors. Because of the com-
plexity of logistic systems and their interactions as well as the open scope of the decision
problems, expert interviews are the method of choice in this context.

Also theory building (or in this context "model design") needs practical examples that
cover more than just pure hard facts. [Mintzberg] (T979) states: "For while systematic data
create the foundation for our theories, it is anecdotal data that enable us to do the building.
Theory building seems to require rich description, the richness that comes from anecdote.
We uncover all kinds of relationships in our hard data, but it is only through the use of
this soft data that we are able to explain them."

Measures to assure accuracy

In the context of this study, practical experience is particularly important. Experts were
chosen that have long-time experience in logistics in food retailing. As an approximation,
ten years of experience is seen to be sufficient to be called an expert (Mieg and Naf] (2009)),
p.7), this criteria was met by most experts interviewed as shown in table[3.1]
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Company

Current position and work experience
in the area of logistics in food retailing

Focus interview

Discounter 1

Leading management position in logistics, 8
years of working experience

Warehouse structure, inbound and outbound logistics
(retailing company), stocks, promotions and demand
fluctuations

Discounter 2

Head of cross docking and logistic systems
Europe, 10 yeatrs of working experience

Procurement and stocks, warehouse structure, outbound
logistics (retailing company), transport modes

Full sortiment

Head of warehouse, 40 years of working

Warehouse structure, inbound and outbound logistic

retailer 1 experience (retailing company), stocks, supply paths

Full sortiment Head of POS, 15 years of working experience |Inpound logistics (POS), supply paths, stocks in a POS
retailer 2

Full sortiment Leading management positions in logistics, 4 |Supply path, warehouse structure, inbound and outbound
retailer 3 and 10 years of working experience logistics

Coffee company

CEO, 10 years of working experience

Demand fluctuations and promotions, distribution structure
and outbound logistics

Milk product Head of logistics and employee responsible for |Distribution structure and outbound logistics
company transport organization, 23 years and 6 years of
working eperience
Brewery Responsible SCM, 7 years of working Demand fluctuations, distribution structure and outbound
company experience in logistics and several years as logistics, supply paths and role of wholesalers for beverages

beer brewer

Table 3.1: Overview of expert interviews

Also special attention was paid to circumvent known trap-falls of the methodology of
expert interviews:

e To avoid subjectivity and personal interest (see [Mieg and Naf] (2009), p.5), the
interviewee was told the purpose of the interview, which is not to benchmark but

to determine typical behavior, the interview was anonymous not giving away name
of interviewee or company. Moreover, experts with different perspectives (retailers
and producers) were interviewed.

e There was no fixed scope of the interview, to meet the experts’ knowledge. The
interview guideline represented only possible subjects to discuss. Only those were
discussed in detail on which the interviewee had in-depth knowledge. The inter-
views therefore differed in focus (see table [3.1).

e To avoid misunderstanding and to assure the correctness of data and facts col-
lected, most interviews were taped (in two cases interviewees preferred not to have
a recorder the interview taped because of confidentiality reasons, therefore only
notes were taken) and the results were documented and reviewed in follow up calls.

Interviewing process

The process of interviewing was oriented at the guidelines given by Mieg
(2009), p.11). Experts in the area of logistics in food retailing were identified based on

the "ten years rule". The experts were informed before the interview by sending them
an e-mail and an attached presentation giving an overview on the research objective, the
interview objective and the upcoming interview process. Information including data on
the company of the expert was collected beforehand.

The interviews were scheduled for two hours at the workplace of the experts (but
mostly took up to four hours). An interview guideline was used to lead through the in-
terview (shown in appendix [C.I). Nevertheless, it was only taken as orientation to allow
detailed discourses on topics the experts had in-depth knowledge about and also to leave
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out topics where they had no knowledge. This was especially important since experts
of different business areas (including discounters, full assortment retailers and produc-
ing companies) were interviewed. Before the interview, the expert was informed on the
research and interview objective and the process of the interview by presenting him the in-
formation slides already sent by e-mail. At the beginning of the interview, the background
of the expert and the activity of the company was clarified. Afterwards, the corresponding
logistic decision were discussed. As mentioned before, the interviews were taped in most
cases and additionally notes were taken.

The results of the interviews were documented in form of power point slides containing
key words and data points. This format was used to give a synthesizing overview on the
interview content that can be reviewed in a short period of time, which is crucial to the
willingness of the expert to review the results in a short (10 min) telephone conference.
All interviews were held anonymous since this was demanded by some interviewees out
of confidentiality reasons.

The documentations of the interviews can be found in appendix the results will
serve as input for the description of the food retailing sector in the next section.

In the context of this study, several additional visits in operations and interviews with
practitioners have been accomplished: two warehouse visits and observations of the dis-
patching process (documented in [Fuchsenbergerd (2009)), five interviews with practition-
ers (in the context of a study on distribution structures in food retailing, thereof three
retailing companies, one logistic service provider and one wholesaler, documented in
(2007) and one case study on supply path decisions of a chain of building sup-

plies stores [2008).

3.3 Food retailing in Germany

In this section, the food retailing sector and logistic systems in and around this sector will
be analyzed in detail, based on the sources described in the last section. The objective of
this section is to generate more insights on structure, influences and behavior to design the
model and to identify the data for input, calibration and validation. Therefore, not only
the existing decision situations but also drivers from business activities, adjacent actors
and logistic systems are determined. To link this analysis to the goal of this study, all
paragraphs will contain short explanations how data or insights were used within SYN-
TRADE.

At first, a definition of the food retailing sector and the borderlines to adjacent eco-
nomic activities will be given. The food retailing sector will be further described by the
market structure and assortment structures. This will be supplemented by highlighting
some characteristics of goods in food retailing like perishability and demand fluctuations
that have significant impact on logistics. Then the linkages to other economic activities
and the integration with adjacent logistic systems will be illuminated and finally logistic
decision situations will be described.

3.3.1 Definition of food retailing in Germany

The statistical office in Germany defines trade as follows: "The notion trade comprises
the procurement of goods and the sales to third parties without further processing of these
goods. Trade therefore acts as an intermediary between producer and consumer. In gen-
eral, it can be distinguished between wholesaling and retailing" (Statistisches Bundesamt|
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(2003), p.821). The customers of wholesalers are commercial institutions, whereas the
customers of retailing are in general private households. The value added of actors in
trading can be

e to realize economies of scale (buying larger quantities)

e to bridge a time gap (buy, store and sell later)

e to bridge distances (buy, transport and sell at another location)

In the NACE classification the corresponding sector G is subdivided into

e sale, maintenance and repair of motor vehicles and motorcycles; retail sale of auto-
motive fuel

e wholesale trade and commission trade, except of motor vehicles and motorcycles

e retail trade, except of motor vehicles and motorcycles; repair of personal and house-
hold goods

Precise definitions of these sub sectors can be found in[Statistisches Bundesamt| (2003]).
A further detailing of retail trade without repair of personal and household goods is
given in figure [3.12] The food retailing sector is represented by sector 52.1., this is the

52.1-52.6
Retail sale
(except of motor vehicles and motorcycles)

52.1-52.5 52.6
Retail sale in stores Retail sale not in stores
52.1 52.2 52.3 52.4 52.5
Retail sale in non- Retail sale of food, Retail sale of Other retail sale of Retail sale of
specialized stores beverages and pharmaceutical new goods in second-hand
tobacco in and medical specialized stores goods in stores

specialized stores goods, cosmetic
and toilet articles

Figure 3.12: Structure of retailing in statistics (translated from [Statistisches Bundesam|

(003). p.821)

sector the study refers to. It contains points of sales that have a wide range of articles and
also non food articles in their assortments. Nevertheless, the main focus is on food as will
be shown later in this section.

The other retail sectors will not be modeled directly in this study although food articles
are sold in these sectors as well. Sector 52.2 for example contains specialized food stores
like bakeries, sector 52.3. contains drug stores that often have dry food products in their
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assortments. Also, stores in fuel stations and wholesale cash and carry markets are not
modeled directly. However, all these activities will be considered indirectly since all
consumption of private household and of sectors consuming the same kind of products
will be covered in a simplified way.

A problem arises from the fact that in some cases companies cannot clearly be classi-
fied into only one sector (statistics allocate mixed companies to the sector of their main
activity). It is assumed that focusing on the sector 52.1 is reasonable because logistic sys-
tems of the companies in this sector do not or only to a limited extent serve other sector
activities. The only significant overlap can be seen in wholesaling activity of Cash and
Carry markets (this is the case for Metro, Rewe and EDEKA that also run Cash and Carry
markets). But as statements from expert interviews show(see Appendix [C.2)), those stores
are mainly delivered directly and not via the warehouses and therefore can be neglected.
Also wholesaling activity of delivering to independent entrepreneurs running stores (like
it is done by REWE and EDEKA) was simplified in the sense that these independent
stores are seen as part of the retail companies delivering to them.

Stores in food retailing (sector 52.1) can be classified by number of articles in the
assortment and sales floor. A common classification of stores formats is given in table[3.2}
This classification and naming of store formats is used throughout this study. Estimates

Examples
Sales floor Magnitude of for chain
Format (m?) number of articles brands
SB-Warenhaus > 5.000 30.000 - 60.000 Real
Verbrauchermarkt 1.500 - 5.000 20.000 - 40.000 Famila
Supermarkt 400 - 1.500 5.000 - 20.000 E-neukauf
SB-Geschaft <400 < 5.000 Nah & Gut
Discounter Not characterized based on sales 1.000 - 3.000 Lidl
floor but based on low price and
limited assortment

Table 3.2: Store formats (following classifications of [Metro Group| (2008) and [Trade Di]
[mensions| (2009))

on average turnover and occurrence of formats in Germany will be given in table[3.3] In
the model also more detailed data (turnover and articles per store) for specific store brands
was used if available.

A statistical publication (Statistisches Bundesamt, 2008a) shows the approximate re-
lation between NACE sectors and store formats. This was used as a point of orientation
to further precise the scope of food retailing in this study. The sector 52.11, representing
the formats mentioned, is completely included in the model, additionally the food part of
sector 52.122 representing food departments in department stores is covered. Based on
this precisely defined focus, the turnover of food retailing in Germany can be determined
in the next paragraph.

38



3.3 Food retailing in Germany

3.3.2 Market structure

Table 3.3] shows numbers for the total sector as well as the breakdown to formats. Since
the definitions vary and the data bases differ between the sources numbers change slightly.
For total turnover estimation numbers from official statistic (Statistisches Bundesamt|
(2009) are taken, including sector 51.11 and turnover with food in sector 52.122). The
breakdown to formats are based on the estimates of IRI (Information Resources GmbH]|
[2008), AC Nielsen (A.C. Nielsen GmbH] 2007) and EHI (EHI Retail Institute]
[2007). The estimated number of stores is based on figures from Trade Dimensions
[Dimensions] 2009) since the detailed input data on distribution of stores in space is also
taken from this source. Nevertheless, it has to be completed by an estimation on the num-
ber of "SB-Geschiifte" since this source does not capture all stores as can clearly be seen
by comparing the numbers to other sources.

Ware:Eaus" Ve:::;her- depalr:ton?:nts" "Supermarkt" | "SB-Geschaft" | "Discounter” Total
Number stores

This study 703] 2.945 993 8.644] 26.000 15.374 54.659
Trade Dimensions
(2006, excl. independent 2.333 421 3.874 15.374 22.002
stores)
Trade Dimensions
(2006, incl. Independant 703 2.945 993 8.644 9.373] 15.374 38.032
stores)
EHI (2006) 2.995 8.430 32.740 14.745 58.910
AC Nielsen (2006) 705] 2.438] 8.388 30.859 14.785 57.175
IRI (2006, without Aldi) 710] 2.635] 8.555 20.040 10.960 42.900
Stat. Bundesamt 2006
(number establishments No breakdown 56.060|

in 52.11 and 52.122)

Turnover (in Mio EUT?)

This study 16.876] 20.742 1.984] 29.781] 10.892 55.792 136.067|
Trade Dimensions

(2008, excl. independent 40.676 15.792 58.393 114.861
stores)

EHI (2006) 33.400 28.900 12.300 53.900 128.500
AC Nielsen (2006) 16.880 19.475 27.775 10.920 49.700 124.750
IRI (2006),

Aldi added with Nielsen data) 14.750 19.400 27.050 7.400 53.250 121.850
Stat. Bundesamt 2006

(Turnover in 52.11 + No breakdown 1.984 No breakdown 136.067
Food turnover in 52.122)

Turnover per POS (in Mio EUR)
This study | 24,0] 7,0 2,0 3,4 0,4 3,6 2,5|

Table 3.3: Estimations on market structure 2006 (based on [A.C. Nielsen GmbH] (2007)),
[nformation Resources GmbH (IRT)| (2008)), [EHTI Retail Institute] (2007)), [Statis]
[isches Bundesami] (2009) and [Trade Dimensions| (2009)))

Based on these estimations also average turnover by format can be calculated. For
model input in some cases more detailed data on individual companies and the character-
istics of their specific formats is taken into account (this data is available at a charge from
data providers like Trade Dimensions or AC Nielsen).

Breakdown to logistic systems

The breakdown of market turnover to actors (see figure [3.13) has to be done according to
logistic systems. This means turnover is allocated to the logistic system that distributes
the goods. The turnover numbers are based on published company data or data from
commercial data providers. Also, data is available that allows the allocation of turnover
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Turnover 2006
In Billion EUR (Total: 136) Globus
Ctiar Marktkaut
Netto Siid
Kaufland Netto Nord
Bartels-Langness Edeka Minden-Hannover

Edeka Sltdwest

Edeka Nordbayern

Edeka Rhein-Ruhr

Edeka Stidbayern
Edeka Hessenring
Edeka Nord

Rewe Ost F5
Rewe Siid 11,5
Rewe Nord 2.4

T/
Rewe Slidwest 21
Rewe West \&

Rewe Dortmund

Rewe Mitte

Aldi Nord

Aldi Std

Figure 3.13: Breakdown of food retailing turnover to logistic systems (based on company
data)

to warehouses of the logistic systems. The turnover of the individual logistic system does
not always represent the retailing activity of the brands as following examples show:

e Especially within the logistic systems of EDEKA and REWE, a lot of independent
retailers are incorporated that get their goods via these systems. EDEKA or REWE
formally act as wholesaler in these cases.

e Some chains are supplied by different logistic systems, Penny stores for example
are to a large extend supplied by the general logistic systems of REWE (for example
REWE Ost), the corresponding part of the turnover is therefore allocated there.

These logistic systems are the bases of SYNTRADE, all stores belonging to a system are
treated as if they belong to the same actor. Out of a logistic perspective, this is the correct
allocation since the logistic decisions will be based on the scope of the logistic systems.
But for modeling economic activity a different allocation would have to be chosen. Re-
garding the results, it has to be considered that the logistic systems named after the main
brands do not always correspond to the company. For example Tengelmann is represented
as two separate logistic systems, also the Kaisers Tengelman warehouses supply some in-
dependent retailers. The turnover that cannot be allocated to logistic systems (3,3 billion
EUR) is the part of the market that either is not covered by the data available or does not
get delivered via logistic systems of food retailing. In most cases, these retailers probably
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are supplied via wholesalers or via direct deliveries. In the model, this part of the market
will be covered indirectly by commodity flows from suppliers to regions.

Distribution in space

The retailing activities are distributed in space. Especially for a model that aims to rep-
resent freight transport demand, data on the distribution of points of sales is crucial. For
the purpose of national freight transportation modeling, the spacial resolution of NUTS-3
(Kreise in Germany) seems sufficient.

\[EE0] 138 "SB-Warenhauser
LN 45 "Verbrauchermérkte"

Figure 3.14: Exemplary spatial distribution of Marktkauf stores (based on data from com-
pany homepage - accessed 25.1.2009)

This kind of data is available directly from companies (for example the stores structure
of Marktkauf as shown in figure [3.14)) or from commercial data providers. Also, locations
of stores are published as points of interest in public geographic information systems.
Commercial navigation systems in cars (or in the Internet) for example already often pro-
vide locations of certain retail stores as well. Nevertheless, these data sources are mostly
incomplete. For the preparation of this study, an econometric model was developed to
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synthetically reproduce the spatial structure of stores in food retailing in Germany (for
details see (2008)). It was found out that the best results could be achieved by using
indicators that contain in some form the number of residents. It could be shown that espe-
cially the distribution of discounters, large companies and companies with few historical
background can be reproduced quite accurately. For SYNTRADE such estimations are
used to reproduce the structure of some regions where no data was available. It is ex-
tremely time consuming to reconstruct industry structure on this detailed level (12.000
data points have to be checked - about 30 logistic systems multiplied by 400 regions).
Nevertheless, this is a deciding factor for the model, since the reproduction of individual
logistic structures needs this information. Since in this study the functioning of the model
is proved by comparison to real world logistic structures, this is crucial. For the purpose
of transportation modeling in general and the later use of the model, input data with the
same structural characteristics is sufficient.

Dynamics in market structure

Year 1980 1990 2000 2006 2010

Proportion of Top 5
companies in the 26,3% 44 7% 62,6% 69.2% 72,2%
food retailing market

Table 3.4: Development of market concentration (Metro Group| (2008)),p. 19)

The market for food retailing in Germany has been subject to change for the last
decades (see for example [Zentes| (2006]) or [Miiller-Hagedorn] (T998)) for details). In the
beginning of the 70’s independent merchants affiliated to cooperations like EDEKA or
REWE. In the 60’s and 70’s Verbrauchermirkte and SB-Warenhéduser emerged and re-
placed more and more neighborhood stores. In the 80’s the saturation of the market was
reached and the concentration process has started.

This concentration process and the spread of discounters are the most obvious changes
in the market structure during the last years. Table [3.4] shows the market share of the
biggest ten players in the market. A significant trend which, according to the numbers of
Metro (Metro Group] 2008), will continue in the next years.

Also, the development of the market shares of the formats show significant changes.
Discounters have won up to more than 40 percent whereas SB-Geschiifte lost half of their
market shares since the mid 90’s (see figure 3.13).

Both trends have consequences for the corresponding logistic systems and for freight
transport demand. A higher concentration could for example lead to larger and less ware-
houses with warehouse structures on a national scale whereas more discounters lead to
warehouses with lower reach. The analysis behind these effects can be done with SYN-
TRADE and will be presented in chapter [0}

Another interesting fact as described by [Vahrenkamp| (2003) (p. 87) and also repeat-
edly mentioned in the expert interviews, is the dominance of the food retailing companies
compared to the producers. This leads to the replacement of logistic systems of suppliers
by logistic systems of food retailing companies (as described by [Primper (1979)). This
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Figure 3.15: Development of market shares of store formats (based on data from [Cebens
[mittel Zeitung] (2007)))

observation shows that the overall system can have multiple (at least two) stable states:
either the dominating food retailing systems that offer low logistic costs through inbound
bundling or dominating distribution structures that offer low logistic costs by bundling
outbound flows.

3.3.3 Assortments

The articles sold in stores form the assortment of a food retailing company. High level
categories of articles in assortments are fresh food, frozen food, dry food and non food I
and II. These categories are based on the GS1 goods classification (GST] 2009) and are
commonly used in data publications (like [EHI Retail Institute] 2007)) as well as by prac-
titioners as in the interviews. In figure [3.16] the breakdown by numbers of articles and
by turnover to these categories is shown for the different store formats. It can be seen
that for "Discounters" and "Supermirkte” (D and SM), only a small part of the activity
(turnover and number of articles) comes from non food articles. This is different for "Ver-
brauchermirkte" and "SB Warenhduser", especially for the latter the number of articles
in non food is very high. Nevertheless, looking at the turnover, the major focus for these
two formats still is on food (about 60% for "SB Warenhiduser"). Another interesting fact
is the difference in the proportion of fresh food looking at numbers of articles or turnover
for all formats. This shows that there is a higher turnover per article in average for fresh
food than for articles in the other categories.

The data for the breakdown by number of articles in figure[3.16]is published by the EHI
(EHT Retail Institute] (2007), p. 360ff). The breakdown for turnover is only available for
"Supermirkte". Therefore, other statistics and sources have to be used as well: with the
trade statistic (Statistisches Bundesami, 2009) a breakdown for the overall sector to the
five categories can be estimated and with other statistics (Lebensmittel Zeitung] 2007) the
turnover proportions of formats in different categories are given. Also, the total turnover
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Break down by number of articles Break down by turnover
100%

90%

80%
70%

[ ] Fresh Food
[ ] Frozen Food
[ ory Food
B Non Food |
B o Food

60%
50%
40%
30%
20%
10%

0%

D SM VM SBW D SM VWM SBW
Figure 3.16: Breakdown of assortments (EHI Retail Institute] (2007) and own calcula-
tions)

proportions of the formats as shown before are set. Thus, with the "Furness method" (see
section [1.2.4)), the matrix (dimensions: formats and categories) and the data shown in
figure [3.16]can be generated.

The assortments can be broken down in more detailed categories following the GS1
goods classification. The more detailed the categories are, the more specific character-
istics of articles in the single categories can be identified. Important characteristics in
the context of logistics are, besides the number of articles in the category, value density
(value per kg or cubic meters), perishability and characteristics that determine the logis-
tic handling. For this study, a breakdown to 41 categories was chosen, since only down
to this resolution data on number of articles in different store formats (from
(2007)) is available. The list of these categories with estimates of value densities
and assumed period of perishability is shown in appendix [B.1} This study assumes within
these categories the same characteristics for the articles. In reality, even within these cat-
egories, the articles still differ, but due to data availability, this simplification had to be
made. The estimates of value densities were based on data from production statistics (see
[Statistisches Bundesami] (2001)) for data and [Friedrich] (2003) for the approach), sectoral
statistics (Lebensmittel Zeitung] 2007) and original data from operations [2008).
The differences between the categories show that there is a need to be as detailed as pos-
sible. The estimates of value per kg reach from 0,48 EUR for articles of the category
non-alcoholic drinks up to 120 EUR for articles in the category of tobacco products.

The quantities sold per article (volumes, weights or values) within the categories are
not equally distributed. For logistic decisions, the quantities per supplier are important
(which may incorporate many articles). A Pareto distribution of quantities was assumed
to account for this effect. The cumulated Pareto distribution function can be described as:

F(x) = 1= (Xpin/x)*, X > Xpmin (3.1)

For some parameter values, the cumulated distribution function (normalized to
F(Xmax) = 100% ) is represented graphically in figure m This representation of cu-
mulated distribution function is also known as Lorenz curve or Pareto classification (see
[Gudehus| 2004), p. 134 ff. for details). Also ABC analysis that classifies articles by
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Figure 3.17: Cumulative Pareto distribution function

the distribution of a characteristic (for example amount sold) refers to these proportions -
mostly 80% and 95% are taken as class borders.

The distribution represents the effect observed in food retailing that there are some
articles with very high amounts sold and many articles with low amounts. For discounters
a rather small k has to be chosen, since articles are only taken into the assortment if
certain amounts can be sold, whereas for "SB Warenhduser" high k values have to be
chosen, since the assortments in this formats cover a large number of articles.

The detailed knowledge on the assortment described in this paragraph can also serve
another purpose: through linking the classification of articles (in this case the GS1 goods
classification) to sectors in which these goods are produced (in this case WZ classifi-
cation), the relations to other sectors can be determined including volumes, weight and
values. For this study, such a link between the classifications is estimated (see appendix
[B.2). Based on this link, turnover data and data on assortments in food retailing can be
used to estimate the proportions of sector productions used to supply the food retailing
sector. This will be part of the overview on the adjacent economic activity in paragraph
3.3.5]

3.3.4 Special characteristics of goods in food retailing

Looking at groups of articles or individual articles, special characteristics of these goods
become more evident. Two of them, perishability and fluctuations in demand, will be
discussed in more detail since they have direct impact on logistics.

Perishability

Perishability of goods and the corresponding expiration periods of articles or article
groups are an important characteristic to classify goods throughout all expert interviews
with food retailers. This is because it has significant impact on logistics. The time avail-
able for logistics is limited for perishable products. A graph of (2003) (figure
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[3.18) shows that only a part of the expiry period of a good is available for logistics since
the retailer wants to sell the good at the time when it looks best, in interviews it was re-
peatedly mentioned that only a third of the time should be used by the retailer including
time for logistics and sales. The used perishability periods in the model for article types
are shown in appendix [B.1}

Consumption T Procurement time of
quality consumer
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/
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Figure 3.18: Logistic window of perishable consumer goods (translated from
(2003))

Having only limited time for logistics leads to the fact that less time can be used to
buffer products, and thus, smaller batch sizes have to be transported. In the extreme case
(for example products like fresh bread or convenience food) there is not enough time left
to ship the goods via the warehouses of the retailing company to the stores. Thus, the
expiry period has direct impact on the lot size decision and the supply path decision and
through the system load also on the warehouse structure. Therefore, it is reflected as a
parameter in SYNTRADE.

Closely related to the perishability topic are temperature requirements for goods. The
detailed temperature requirements for food products in Germany are published in a stan-
dard by the German institute for standards - DIN (DIN] 2008). In SYNTRADE, these
requirements are represented in the classification of suppliers, in the classification of in-
terregional and local adjacent logistic systems and the differentiation of warehouse types
within the food retailing sector.

Fluctuation of demand

Another important topic in the day-to-day work of practitioners in food retailing are fluc-
tuations in demand (see interviews). The fluctuation of transport time and the danger of
late arrivals in transport on the contrary is less important (probably with the exception
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of cross-docking systems). Late arrivals caused by transport are in the order of hours
and this can easily be balanced out by safety stocks and flexibility in warehouses and
stores. Demand fluctuation however shapes the day-to-day work of logisticians (see visit
documentation of dispatchers in[Fuchsenberger (2009)) in the warehouses.

Demand fluctuations can be distinguished by the time horizon considered: short-term
versus mid-term versus long-term fluctuations. A graph from Gudehus (Gudehus] 2004)
originally describing fluctuation in car selling, clarifies this distinction (see figure [3.19).
On the day-to-day basis huge differences in sales can be identified. The prognosis data
shows the seasonal course of demand (mid term) and considering an even longer time
period the long term trend can be seen which in this example shows increasing sales.

A

Acttials E % ‘ |'
¥ ' ‘l |\ ] ‘l:l \ |

BT Il !, Ill‘ Il»\ ]|' ‘l
‘Il‘ ! Ill"Jl‘ ‘ ‘il

Demand
1

Time

Figure 3.19: Demand fluctuations (based on[Gudehus| (2004)))

For logistics the important question is, if the reason behind the demand fluctuation
can be identified and to what extend the fluctuation can be foreseen. Depending on this,
the design of the logistic system differs: if the fluctuation can be planned, the inbound
flows can be adapted mid-term, if the fluctuations cannot be foreseen and a short-term
adaptation of inbound flows is not feasible (because of long lead time or inability of the
supplier to deliver), buffers in form of safety stocks have to be established. Reasons
behind demand fluctuations can be different:

e Promotions of articles often connected with price reduction lead to high fluctuation.
As documented in the interviews, especially discounters use promotions in order to
attract customers. For some goods, sales are even mainly determined by promotions
(see interview with coffee producer). The increased demand through promotion is at
least partially foreseeable, even though the exact demand depends on many factors.

e Seasonal variations of demand can be another reason, examples are public holidays
like Christmas or Eastern when general demand for food increases, seasons of spe-
cific goods that are only available during a specific period like some sorts of fruits
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or demand for goods that occurs during specific periods like gelling sugar (see in-
terviews for examples). Also, these fluctuations can be predicted to a certain extent
based on historic data.

o Identifiable external influences like good weather or sport events also increase de-
mand as the example of the beer producer shows clearly. Whereas sports events can
be foreseen, the forecast of weather is only available short-term.

e Finally, there are non identifiable external influences or just random fluctuations that
cannot be foreseen. For this kind of fluctuation the rule of large numbers applies:
the higher the number of observations, the weaker the pure random element.

Besides the difficulty of estimating effects of the factors shown, forecasting of demand
is complicated since the factors mentioned overlap and the effects can be enforced or
softened through the parallel occurrence of events.

The influence of demand fluctuations on logistic decisions are most obvious for the
short-term decisions on the operational (dispatching) level. Here, especially the day-to-
day determination of order sizes of incoming flows (to the warehouse) has to be men-
tioned. For the bundled transport to the stores, fluctuations of individual goods equalize
another, only fluctuation of general demand like increased demand at Christmas causes
extra tours for the logistic system of the food retailing company. This might be different
for direct delivery, for example distribution tours of a beverage wholesaler during football
championship in summer. On the higher decision levels the influence declines. Regular
transport frequencies only change if the average demand changes, this can be the case
for seasonal products. A high influence can also be observed, if no regular frequencies
exist, for example if sales are completely determined by promotions like in the coffee
case. Nevertheless, it can be assumed that for most goods the influence of demand fluc-
tuations on mid-term decisions (mainly transport frequencies) is minor. For decisions on
the warehouse structure influence can be seen on the dimensioning of the warehouses
and the safety stocks hold. The dimensioning has to be oriented to the peak demand that
in food retailing usually is reached around the Christmas holidays. The safety stock is
driven by fluctuations that cannot be foreseen and planned. If fluctuation is purely ran-
dom and therefore independent in different stores, it can be shown that centralization of
warehouses leads to less safety demand (see [Toporowski] (1996), p. 86), this results from
the fact that the fluctuations equalize another as already described before.

In SYNTRADE, short-term decisions on the level of dispatching are not included. For
mid-term and long-term it was assumed that fluctuations have less influence, also data
on fluctuations was only available for some examples. Therefore fluctuations were not
considered.

3.3.5 Adjacent economic activity, actors and logistic systems

The food retailing sector covers only a part of the provision of goods to consumers. Start-
ing at the location of suppliers, goods can reach the consumer through different paths,
only some paths lead through the food retailing sector.

An overview on alternative channels of food provision to consumers is published by
the Metro Group (Metro Group|(2004)), p.115) and shown in figure[3.20} It also comprises
the proportion of the channels in total institutionalized provision of food. The application
case for this study is focused on stationary food retailing in not specialized stores. But
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Total provision of food to consumers
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Figure 3.20: Food provision to consumers (data published in[Metro Group] (2004)), origi-
nal sources: Dr. Lehmann and Partner, M+M EURODATA)

it cannot be seen isolated to the other channels, since goods from different channels are
partly handled together in logistic systems. These are systems of suppliers, wholesalers
or logistic service providers. Beverages, for example, are often delivered to retail stores
via wholesalers that also deliver to specialized stores, restaurants or canteens (see expert
interviews). With the same reasoning consumer goods consumed by companies have to
be considered as well. In addition to that, also non food consumer goods have to be
taken into account, since non food articles represent a significant part of turnover in food
retailing.

In the next paragraphs, the total demand of these goods in regions, the suppliers of
these goods and the logistic systems used, will be discussed in more detail.

Total demand of consumer goods in regions

Based on the input-output table from national accounting, consumption of goods by con-
sumers and sectors on an aggregated level can be calculated in monetary values. Using
data on residents and employees in regions, this data can be broken down to the regional
level, assuming that the demand is distributed equally among employees and residents.

This total demand of goods is only partially satisfied by the food retailing sector. By
linking the GS1 classification to the NACE classification the amount of goods provided
by the food retailing sector can be estimated (building on the knowledge of assortments
and market structure shown before). This can be broken down to regions by store data.
Thus, the resulting delta can be used as estimate on a regional level for demand that is not
satisfied by the food retailing sector. Figure [3.21] shows the estimations on proportions of
consumer goods provided by the retailing sector for some exemplary good classes (CPA
classification). Only goods are included that are destined to consumers or to sectors that
demand the same kind of goods.
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Figure 3.21: Proportions of selected consumer goods provided by food retailing sector
(Source: authors calculation - model results - based on data from national
accounting and sectoral data)

For the first three classes representing food products, the proportion is quite high. The
numbers correspond to the estimation published by the Metro group shown in the last
paragraph. For non food goods the proportion of the food retailing sector is rather low.
Exceptions are tobacco products and chemicals (without pharmaceuticals). The number
calculated for tobacco products can be verified by another publication: Philipp Morris
estimates that 31 percent are provided by the food retailing sector (see[EHI Retail Institute]
(2007), p. 383).

In SYNTRADE, these proportions can be generated for more detailed sectoral and re-
gional resolutions, this can be done based on an artificial industry structure, the simulation
of sourcing decisions of retailing companies and a gravity model for regions. By map-
ping this demand to classes of regional distribution systems, the load for these alternative
logistic systems is estimated.

Suppliers

The most important suppliers of consumer goods are production companies and agricul-
ture. Goods can be of national origin or imported.

Imports play a significant role for the food retailing sector, because companies source
internationally (as the interview with discounter 2 shows). About 20 percent of food
products consumed in Germany are imports. For non food the proportion can even be
higher, for example about 60 percent for clothing El

3 Numbers are calculated based on the input-output table, assuming that imported goods and goods pro-
duced nationally are consumed in the same way
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In the model, imports are represented in form of suppliers for the complete imports of
a country. By sourcing from these artificial suppliers, the model assumes implicitly that
imports get bundled in the country of origin. Geographically it is assumed that logistic
hubs are placed within Germany. For the distance from the hub to the regions an average
distance between German regions is assumed for European imports. For non European
imports the distances to the region of Hamburg are taken.

Farmers in Germany are often organized in regional production cooperations
(Genossenschaften) that coordinate sales. As interviews during preparation of this study
show, this often results in supply paths that pass the regional warehouse of the cooperation
in case of less than truck load transports. Therefore, in the model a simplified represen-
tation of the agricultural sector is chosen: one artificial supplier of agricultural goods per
region subsumes the total agricultural output of each region.

Number of employees in regions Distribution of number of employees
(production of milk products) in establishments
(production of milk products)

>1000

500-999

250-499

100-249

e
Number of employees

1.000 bis 2.500  (5)
500 bis 1.000 (10)
100bis 500 (75) 50-99
50bis 100 (104)
10bis 50 (55)
Obis 10 (190)
0-49

0% 10% 20% 30% 40%

Proportion of establishments

Figure 3.22: Distribution of employees in milk production (Source: [Bundesagentur fiirf
(2008) for employees in regions and [Statistisches Bundesam{ (Z006b)

for distribution of establishment size)

For sectors of producing companies, more detailed information is used: numbers of
employees in regions (down to NUTS 3 regions and 3 digit sectors in NACE classifica-
tion) from [Bundesagentur fiir Arbeif] (2008)) and distribution of number of employees per
establishment (down to 4 digit sectors in NACE classification) from [Statistisches Bunde
(2006b). Exemplary data for sector 155 (production of milk products) is shown in
figure[3.22]

Based on this data, an artificial industry structure is generated for the model. For the
goal of this study, not the complete sectors have to be considered: production of "non"
consumer goods or production of export can be left out. By leaving out the respective
proportion in the model, it is indirectly assumed that logistics for exports and for non
consumer goods is separated from national distribution of consumer goods.
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3 Analysis of freight transport demand

There is few official data on sector relationships other than the input-output table from
national accounting, which does only represent good flows to sectors in which the goods
are consumed. This is not the case for trade and logistics, where goods are handled
but not consumed. Representative data on the level of individual companies is also not
available to the author’s knowledge. Therefore, for the model the relationship between
the sectors and the food retailing sector are reproduced based on assortment data and the
respective link between GS1 and NACE classification (see appendix [B.2)). Links between
individual retailing companies and suppliers are generated with a sourcing module. For
the remaining goods (not distributed via the retailing sector) a gravity model coupled with
the Furness method is applied to distribute goods to regions according to the remaining
demand (see section [d.2.4]for details).

Adjacent logistic systems

The logistic systems under consideration provide consumer goods from suppliers to points
of sales or consumption points. An overview is given in figure 3.23] Logic systems can

Suppliers
Farming Production Imports
Logistic systems
Region of
origin
"""""""""" Supplier e Logistic
Inter Service
region Provider (LSP)
---------------------------------------- Retailer --|  Wholesaler -
Region of
consumption
Points of sale (POS) Consumption points
Retailer Wholesaler Household Cl.ompany
ocation

Figure 3.23: Overview of possible locations of consumer goods

be further classified into logistic systems of suppliers, retailers, wholesalers and logistic
service providers (LSPs):

e Suppliers: The industry structure described in the last paragraph consists of es-
tablishments (production sites). However, logistic systems usually are managed
by companies or even cooperations of companies that can include several estab-
lishments. So, for an exact modeling of these structures, it is necessary to collect
company data as it was done for the food retailing sector in this study.
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The expert interviews show that for large amounts, transports start directly from
the production site. Only for small transport amounts (in the expert interviews a
typical bound of five pallets was mentioned twice) separate outbound warehouses
are used. These warehouses were located close to the production sites: the coffee
producer uses for small transports the logistic system of the mother company in
the same region, the dairy producer uses either own warehouses at production sites
or warehouses of LSPs nearby, the brewery only shipped full loads. It is therefore
assumed, that the first logistic bundling rather happens close to production.

The more it comes to the destination region, the more attractive a bundling with
goods from other origins gets for distribution. But this is rather done by logistic
systems of retailers, wholesalers or LSPs. In the interviews, only the coffee com-
pany still upholds distribution in the destination regions mainly for maintenance of
coffee dispensers. Most products, however, are distributed via logistic systems of
retailing companies.

e Retailers: Besides retailers from the food retailing sector a lot of other retailing
companies exist in provision of consumer goods. Examples are fuel stations (e.g.
Lekkerland), drug stores (e.g. Schlecker) or fashion stores (e.g. C& A). The focus
of logistic systems of retailers is on the distribution of goods to the points of sales.
But, as the interviews show, some retailers today also include the inbound transport
into their considerations through establishing cross docking or offering transport
services to their suppliers. Also, a second level in the warehouse structure (central
warehouses in addition to regional warehouses) takes over parts of the outbound
logistics from suppliers.

Outbound transport (warehouse to points of sales) is much more expensive than
inbound transport (supplier to retailers warehouse), therefore regional warehouses
of logistic systems of retailers are oriented towards the destination region.

e Wholesalers: The focus of wholesalers is on the distribution of goods as well. The
local distribution of goods often is part of their business (for example wholesalers
for beverages, see expert interview with brewery). A classification of wholesalers
is difficult to find, a point of orientation can be trade statistics (Statistisches Bunde-|

[samd 2009).

e Logistic Service Providers (LSP): The logistic systems of LSPs can be manifold.
They may only concentrate on transport or include warehousing or even additional
services like commissioning. A classification of logistic markets of LSPs is given
by Klaus [2008). For food retailing, mainly the markets of general cargo
load and distribution of consumer goods covering especially food products are of
interest.

Consumer goods can pass through different logistic systems, resulting in different sup-
ply paths. Examples for such supply paths are:

e Milk products (see interview with producer of milk products): production site -
(warehouse of logistic service provider) - food retailing company warehouse - stores
of retailing company
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e Beer (see interview with brewery): production site - warehouse producer - ware-
house wholesaler - stores of retailing company

Region of Point
origin O of origin
lnte,r |:| Warehouse
region

Region of __» Commodity
consumption flow

Figure 3.24: Warehouses in supply paths of consumer products

Looking closely at the existing supply paths and the points where warehouses are used

(not just as reloading point but as storage location), four categories of paths can be distin-
guished, as shown in figure [3.24}

e The first category describes cases of direct delivery from supplier to the consump-
tion point or point of sales. The only warehouse used, is the one at the point of
origin. An example from expert interviews is the delivery of milk to large points of
sales.

e In the second category, goods are stored at the point of origin and at a distribution
center, which is oriented towards the destination region. This case describes the
usual distribution via warehouses of retailing or wholesaling.

e The last two categories describe the usage of another warehouse, separated from the
supplier location. This can be the warehouse of the company, the company coopera-
tion or a logistic service provider where products from different points of origin are
gathered for outbound transport. Examples from expert interviews are the central
warehouse of the producer of milk products or the logistic service providers, used
by the producer of milk products or the coffee producer in case of small transport
cases. Like in the first two cases, either the direct transport or the transport via
another distribution warehouse is possible.

It can be concluded that in many cases the used warehouse locations are situated in the
origin and/or destination region. This is used to simplify the modeling of the adjacent
logistic systems.

In SYNTRADE, the detailed logistic systems and especially the warehouse structure
decision is only modeled for the food retailing sector. The adjacent logistic systems are
modeled in a simplified way:

e Two sorts of logistic systems are modeled: interregional logistic systems and local
logistic systems for distribution. Both consist of one warehouse and inbound and
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outbound flows. The classification of the interregional logistic systems is oriented
at logistic markets (non food, food, and cooled products). The classification of local
logistic systems is oriented at the classification of wholesalers in trade statistics.

e The costs for transport on the links depend on usage and are based on a transport
price matrix of a transport logistic service provider. Therefore, they include indi-
rectly potential bundling for transport through third party logistic system.

e The locations of warehouses are fix, there is no decision on warehouse structures
and locations outside the food retailing sector.

e Supply path decision for commodity flows is modeled, assuming cooperation of ac-
tors concerned. It includes decisions on frequencies and average batch sizes (lower
levels in decision hierarchy). Four supply paths can be chosen: Either through the
logistic system of the retailer or directly into the region. In both cases, the interre-
gional logistic systems of the supplier region can be used. For distribution in the
destination region, all flows not using the logistic systems of the food retailers run
through the regional logistic systems in the destination region.

Even so the adjacent logistic systems in SYNTRADE are highly simplified, the model
represents the potential for loads on the local distribution systems and the potential for
bundling of transports from the origin region to retailer warehouses or destination regions.
This is important in order to model differences between goods in the usage of alternative
supply paths. Beverages, for example, are often supplied via wholesalers, whereas milk
products usually pass the logistic systems of retailers. Looking at the model output, it has
to be emphasized that only the flows through the logistic systems of retailing are modeled
in a realistic way. The flows around it only correspond to reality in the sense of what
flows do or do not run through the logistic system of food retailing companies. But they
can be false in the sense that they take the direct route from origin to destination region.
In reality, this can be different, for example if warehouses of other retailers are used that
are not located in the destination region.

3.3.6 Logistic decisions in the food retailing sector

The aim of this paragraph is to present empirical insight from expert interviews and other
sources on logistic decisions. Based on these insights, parts of the model design are
reasoned.

The goal of this study is to model warehouse structures in the food retailing sector.
In terms of logistic decisions, the main focus is on the warehouse structure decision, but
as decisions on lower levels influence it or decisions even are integrated, also the supply
path decision and the frequency decision are analyzed. As expert interviews show, only
trucks are used for transport in almost all cases in food retailing, new warehouses mostly
do not even have rail siding any more. Only for inter European transport some cases of
inter modal transport were reported. Therefore, modal choice is not considered within the
model.

In the following, the decisions on warehouse structure, supply path and frequency will
be analyzed in more detail. This is done by outlining at first the observations from expert
interviews and other sources, and then explaining the usage of these insights within the
model.
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Warehouse structure decision

For the warehouse structure decision, the following observations were made:

e Historic growth: Warehouse structures in practice grow over time. The actual struc-

ture, therefore, often has to be explained by historic development. This accounts
especially for full-line distributors that seldom change or add new warehouse loca-
tions. On the other side, discounters add or change warehouse locations more often
probably because of their high growth rates in recent years. An expert working for
a discounter stated that they added a warehouse every two years in Germany during
the last years. If a new warehouse location is planned, this is done including the
overall warehouse structure or at least the surrounding warehouses.

Size of warehouses and warehouse levels: Often, the size of regional warehouses
of a company for discounters is standardized. This was stated in both interviews
with discounters. For retail companies with many regional warehouses, often a
second (central) warehouse level for parts of the assortment exists. In these cases,
the distribution to the stores often takes place via the regional warehouses, at least
for the small and medium stores. In the regional warehouses cross docking is used
to bundle the outbound flows.

Allocation of stores to warehouses and warehouse locations: The determination
of locations and the assignment of stores to warehouses is often done based on
turnover data of the stores which was confirmed by two experts. This shows that for
these two components of the warehouse structure decision, the outbound transport
is the major driver. This can be confirmed by estimations that outbound transports
are much more expensive than inbound transports - factors of three
(1996, p. 69) to ten (Geoffrion| (T979), p. 106) can be found. It also shows that
mainly the aggregated view on the flows transported to the stores is of interest.
Thus, the bundle of outbound flows are considered as a whole and not as single
commodity flows on article level.

Costs considered: Looking at the cost components, expert interviews show that a
broad view is taken. Transport cost, logistic discounts of suppliers, storage cost,
capital cost for stock, costs for damages and cost of running out of stock are con-
sidered. Logistic discounts of suppliers are a way to give incentives to the food
retailing company that large orders are given (truck loads or several pallets), so that
transport costs that are paid by the supplier are kept low. The inclusion in the ware-
house structure decision shows that the future frequencies of inbound transports are
taken into consideration. Another important observation is that capital cost of stock
is taken into account.

Many of these observations are directly reflected in the heuristics for the warehouse

structure decision applied in SYNTRADE:
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e Inclusion of a forward looking frequency decision for inbound transports
e Capital cost for stocks

The observation on historic growth of warehouse structures, however, cannot be trans-
lated into the model due to complexity and data availability reasons. Instead a greenfield
approach is used in the heuristic.

Supply path decision

The supply path incorporates the possible usage of warehouses and transport links. There-
fore, decisions are based on warehouse structures and frequencies on links.

Two main observations were made, the first one on alternatives, the second one on the
level of cooperation and costs considered:

Two main alternatives were distinguished in the expert interviews: direct delivery ver-
sus delivery via the warehouse of the food retailing company. Looking at further details,
several sub alternatives can be formulated by potentially using additional warehouses or
reloading points of logistic service providers, wholesalers, the supplier, or the retailer.

Which supply path is taken, finally depends on several actors, at least supplier and
food retailing company; in some cases also logistic service providers and wholesalers.
Logistic questions are part of negotiations between the actors that also include many non
logistic topics like prices, sold quantities and payment conditions. If these negotiations
result in an optimal logistic decision (minimum of total logistic cost) is difficult to say.
Measures like logistic discounts or minimum order sizes, that were mentioned before,
show that incentives are set by suppliers that the retailers include all logistic costs into
their consideration. In one expert interview with a retailer the explicit consideration of
cost of the overall supply path was reported as current practice.

During interviews examples of lacking cooperation were reported especially by sup-
pliers. The reason for a potentially negative perception of a practice that tries to optimize
the overall cost of the supply path by some actors is the following: the basis for the com-
parison of different supply paths are the average costs resulting from the actual state of
the logistic system. But, if based on the isolated consideration of single commodity flows,
many commodity flows are rerouted to other paths, the bundling possibilities for the re-
maining commodity flows become worse and the total costs for the actor increase. This
circle can be changed by either the inclusion of negative effects on the system into the
calculation, which is very complex and therefore hardly feasible or by referring to higher
level logistic decisions that include all commodity flows of the actor.

As a result of this decision, experts reported that mainly commodity flows of small
quantities are delivered directly. This fits well with the observation that there is rarely
direct delivery for discounters. As already mentioned perishability is another reason for
direct delivery, an example for this is fresh bread that is delivered directly. Another driver
for direct transport is the existence of good alternative regional distribution systems like
wholesalers of beverages. Finally, direct deliveries also occur without a logistic reasoning,
for example, if the supplier pushes for a direct contact to stores.

For SYNTRADE four possible paths are modeled. The decision is based on an opti-
mization of total logistic cost for the supply paths of individual commodity flows, taking
average cost of the actual logistic systems.
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Frequency decision

For food retailing companies two main sorts of frequencies can be distinguished: firstly,
the frequency of distribution to stores or end consumer and secondly, the frequency be-
tween production locations and warehouses.

For the distribution, the decision is taken integrated with tour planning. According
to the expert interviews, the delivery frequencies to stores are rather fix. The storage
facilities within the stores are usually limited and stock is almost exclusively limited to
the goods in shelfs in the selling area. This shows that the systems are based on a high
delivery frequency.

The frequency for inbound transports to warehouses of the retailing company is de-
termined within the negotiations on the supply path and through adaptations within day-
to-day operations. If the dispatcher in the warehouse realizes that the order sizes get too
small or too large, he changes the inbound frequency. For the transport between supplier
and warehouse, in most cases full loads were reported, for small lot sizes suppliers from
the expert interviews used LSPs, that bundled the goods. Concerning the costs, the expert
interviews show that transport and storage cost as well as capital cost caused by stock
are considered. However, this is not done within an integrated calculation but through
negotiation between supplier and food retailing company or even between logistic and
purchasing department within the food retailing company.

In SYNTRADE, a daily delivery to the stores for all products is assumed for the food
retailing companies not distinguishing what product categories are delivered at each spe-
cific day. But for direct delivery and for transport within a two layer warehouse structure,
the lower frequencies (once or twice a week) are taken into account for different article
groups. An explicit modeling of the distribution frequency decision for outbound trans-
ports is not done since it is assumed that the system state of high frequencies in retailing
distribution is stable in German retailing.

Frequency decisions for other transport links between suppliers, warehouses of inter-
regional and local logistic service providers and retailing warehouses are modeled. The
decisions are always modeled considering the total loads on links. Warehouses at start
and destination point are assumed to provide possibilities for buffering and perishability
is considered for each commodity flow.

3.4 Conclusions

In this chapter, an analysis of freight transport demand in general and of logistics in and
around the food retailing sector was carried out.

In the general system analysis, mesostructures were identified representing the result
of optimization in logistic systems. Logistic systems are the elements that translate freight
transport demand from economic activity into demand of the transportation system. Lo-
gistic decisions determine the scope and the conditions of this optimizations. These de-
cisions can be listed and ordered into hierarchical levels. However, interdependency be-
tween levels and the occurrence of decisions in practice is specific to the economic activity
under consideration.

Therefore, a more specific analysis was carried out for the food retailing sector, based
on a wide range of empirical data. Open knowledge spots in the area of the actors’ be-
havior were filled by expert interviews. Based on the analysis, covering the food retailing
sector and adjacent economic activity, following logistic decisions were identified:
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3.4 Conclusions
e Warehouse structure decisions for retailing companies, including forward looking
decisions for lower decision levels,
e Supply path decisions, based on average cost of included logistic systems,

e Frequency decisions on bundled flows between suppliers and warehouses of retail-
ing companies, wholesalers, and LSPs.

Special attention has to be paid to the impact of perishability of goods.
With this detailed analysis, this chapter described the basis for the design of the SYN-
TRADE model defined in chapter 3]
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4 Existing models in literature

In this chapter existing modeling approaches in literature will be discussed. This has two
objectives: The first one is to clarify the innovative elements of SYNTRADE compared
to existing models. Therefore a review of existing freight transportation models will be
conducted. To keep the discussion on individual models precise, there is an short intro-
duction to general modeling methodologies at the beginning of this chapter. The second
objective of this chapter is to introduce methodologies from literature used within SYN-
TRADE. This relates especially to approaches from logistic optimization used to model
logistic decisions within SYNTRADE, a separate section will be devoted to this area.

The chapter will start with a general definition of models, in order to structure the
following discussion. Then general modeling methodologies will be introduced shortly,
a separate section will describe approaches from logistic optimization. Afterwards the
review of existing freight transportation models will be conducted and at the end of this
chapter, conclusions for the SYNTRADE model will be drawn.

4.1 Models

A model is a simplified representation of reality. There are physical models and abstract
models. In the context of transportation system analysis, abstract formalized models are
used. They are defined by formalized descriptions in form of specifications and computer
programs. The specifications consist mainly of mathematical formulas or conceptual dia-
grams (see [Ortuzar and Willumsen] (T990), p.2 for details). Models can be characterized
by their purpose, their scope and the methodology used.

Depending on the purpose, a model can either describe system behavior or explain sys-
tem functioning, which is visualized in figure .1 Models that focus on the description

Descriptive model of Explanatory model of
system behavior system functioning
Output

A

Figure 4.1: Descriptive versus explanatory models (oriented at[Bossel] (T994)), p. 54/55)

of the system behavior (descriptive models), consider the system as a black box and try
to imitate its behavior based on observed data sets. Thus, the output generated by these
models can only represent trends or dependencies that were observed within the data,
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4.1 Models

changes in behavior cannot be covered. Models imitating the functioning of the system
on the contrary, try to explain the most important components of the system and their
interdependencies that determine the behavior of the system, they are called explanatory
models. The purpose of these models can either be to explain what should be done (nor-
mative) or what is done (positive). A detailed discussion can be found in (1994)
(p- 52 ff).

The purpose of transportation models is to analyze the behavior of the transportation
system (Ben-Akiva etal] 2008), p. 2). If explanatory models are used they are rather
positive (not normative) since their objective usually is to understand the transportation
system and not to optimize it. The models are, however, applied to test or assess different
scenarios and policy measures.

The part of reality covered by the model represents the scope. It can differ, regarding
objects (systems/subsystems), activities, choices, time horizon and space horizon:

e Scope of objects: The scope of objects describes which objects are included in a
model, but also in what detail they are modeled. A model can refer to very aggregate
or disaggregate objects or indicators. In economic models macroeconomic entities
like nations, markets or individual economic actors like companies or households
may be modeled. Also, it can be differentiated between the overall object of interest
whose behavior shall be analyzed by the model (like the overall system) and the
objects represented within the model (like components of the system analyzed).
A model can, for example, analyze the behavior of a macroeconomic entity, by
describing its disaggregate components as in this study.

e Activity scope: A model can focus on different activities of the objects modeled.
Depending on the model scope, some activities will be described in detail, some
only superficially and some will be left out completely. For modeling transport
demand, economic activity and especially logistic activity is of interest.

e Decision scope: If a model describes economic actors like companies or house-
holds, the scope may also be defined by the decisions modeled. In a transportation
model it often occurs that the modal choice decision is modeled explicitly.

e Scope of time: Another dimension, describing the scope of models can be seen in
the consideration of time. This can refer to whether and how (for example to what
detail) a model accounts for time. Or it can refer to what time span is included in the
model scope. A model that accounts for time is called a dynamic model, whereas a
model that does not account for time is called static.

e Scope of space: Finally, also the representation of space can be seen under two
points of view: firstly, to what detail space is represented (spatial resolution), and
secondly, what the total space included within the model is.

The scope of a model is limited due to processing capacity and data availability. There-
fore, as will be shown for the example of freight transportation models, a focus has to be
chosen depending on the purpose.
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4.2 Modeling methods

Besides purpose and scope, models can also be characterized by the modeling methods
used. In this section, modeling methods used in freight transportation models, will be
listed. This list serves as preparation to describe existing models later in this chapter, it
does not claim to be exhaustive or free of overlaps.

4.2.1 Optimization

Operations research is the research area in applied mathematics that focuses on optimiza-
tion. It can be characterized as the search for the optimal decision under consideration of
constrains in form of optimization problems (Neumann and Morlock] (T993), p. 5). Most
descriptions of optimization problems in this study are based on literature from this area.

In general, optimization problems can be formulated by a real-valued objective func-
tion f(x),f:V — R and constraints x ¢ M , with M CV,M = {x €V : g(x) <0},g:
V — R" (Neumann and Morlock] (1993)), p.40). The objective function has to be min-
imized or maximized, depending on the formulation of the problem. Depending on the
form of V, X, f and g, the type of problem can be defined. A very common type are linear
optimization problems. This type can be described in a standardized form:

Min.f(x) = z”l: CjX;j
=1

n
s.t.Zaijxj < bi(i=1,....m)
=

xXj 2 0,(j=1,...,n)
cj,xj,a,-j,bi e R)Vi,j

It can be solved efficiently using the simplex algorithm. However, many problems have a
non linear objective function. Or variables are not real numbers but integer numbers. For
these problems the solving process can become very complex.

As described in the last chapter, a convex form of the objective function (f”(x;) > 0, Vi)
leads to a unique solution. This is often not the case for problems in logistics. Also for the
above described linear problems the objective function is not strictly convex (f”(x;) = 0),
and multiple solutions are possible.

Within economic models, optimization can be applied in various forms:

e [t can be the objective of the model to find the optimal design or state of a system.
The model can thus be specified in form of an optimization problem. This can refer
to the level of economic actors, like for example the optimization of logistic sys-
tems of companies, as well as to macroeconomic systems like welfare maximization
within a market.

e [t can describe the behavior of actors in a model. Assuming rational economic be-
havior often includes optimization, for example it is mostly assumed for companies
to maximize their profits or minimize their costs.

e [t can be bases or part of a procedure. For traffic assignment, shortest path search
is used. Another example is entropy maximization that can be seen as the basis for
the Furness algorithm and the gravity model, described later in this section.
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Since the main focus of this study is on logistic decisions, a separate section will
describe logistic optimization problems and solution approaches in detail (section f.3).

4.2.2 Simulation

In general, simulation can be described as the imitation of a real thing, the original (sci-
entific) meaning, however, refers mainly to the dynamic, thus in the original sense, a
simulation imitates a real system over time or differently phrased, a simulation imitates
one process by another process. The term process at this place refers solely to some object
or system whose state changes in time (Hartmann] [T996)).

The goal of a simulation is the imitation of a process, not its optimization. It can
nevertheless include optimization in sub-models. Simulation can be useful for explaining
the behavior or functioning of systems, it can even be useful in case of poorly understood
systems [[996). In the case of understood systems the mechanisms are known
and therefore the simulation can be used to describe implications that can be derived. The
reasoning to use simulation for not understood systems lies in the fact that a simulation
may concentrate on the essential that causes the phenomenon to simulate and can abstract
from the detail (1996), p.16). Often phenomena in the real world can be simulated
just from the knowledge, won from a top down analysis without knowing the systems in
detail. Simon, for example, refers to physics or chemistry where behavior of matter was
explained before knowing the atomic theory.

It can be differentiated between deterministic and stochastic simulation. In a determin-
istic simulation, all mechanisms are fix and therefore the development paths of the system
stay the same if the input does not change. A stochastic simulation on the other hand in-
corporates random elements like transition possibilities to a next system state, therefore
the outcome can change even if input is stable.

Extension of the simulation concept

Contrary to the narrow definition that connects simulation to dynamic, simulation is often
also referred to as the imitation of possible system states (Neumann and Morlock] (T993),
p. 697).

Thus simulation can be used as heuristic to search for the best system state for a certain
objective, which is the interface to optimization. If simulation is used for optimization it
is however recommendable to enhance pure simulation by search procedures that change
the system states (by varying the models parameters) in a systematic way
[2004). Computer simulations can be used to search for good solutions of mathematic
models where analytical methods are unavailable (Humophreys] [T990).

Another application is the statistical simulation of a population with certain character-
istics. The "Monte Carlo" method (Metropolis and Ulam] [T949)) simulates characteristic
values, oriented at a stochastic distribution. This can be used to generate artificial popu-
lations (of micro objects) with characteristic values that, if aggregated, correspond to the
given stochastic distribution. As input, a one or multidimensional distribution of the char-
acteristic values is needed. Based on this, a cumulative distribution function F(x) can be
generated and afterwards, by drawing a uniformly distributed random number z € [0, 1],
the characteristic value y = F ~!(z) can be 