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Abstract. A simulation-based tool is described which will be used to investi-
gate how the actors in a transport chain are expected to act when different types 
of governmental control policies are applied, such as, fuel taxes, road tolls, ve-
hicle taxes and requirements on vehicles. The simulator is composed of two 
layers, one layer simulating the physical activities taking place in the transport 
chain, e.g., production, storage, and transports of goods, and another layer 
simulating the different actors’ decision-making processes. The decision layer 
is implemented by a multi-agent system where each agent corresponds to a par-
ticular actor and models the way it acts in different situations. The simulator 
will be used for analyzing the costs and environmental effects, and will in this 
way provide guidance in decision making regarding control policies. In addi-
tion, it will be possible for companies to use the simulator in order to determine 
cost-effective strategies given different (future) scenarios. 

1   Introduction 

This paper describes a simulation-based tool with the aim to investigate how the ac-
tors in a transport chain are expected to act when different types of governmental 
control policies, such as, fuel taxes, road fees, vehicle taxes and requirements on 
vehicles, are applied. The policy making is driven by a desire to attain a sustainable 
environment (by reducing emissions, noise, accidents, and so on) and to achieve 
sustainable economical development. 

From a societal perspective, the simulator will be used to analyze the total costs 
and environmental effects of a transport chain and in this way provide guidance in 
decision making regarding control policies. The intention is that such analyzes will 
complement those made using existing macro-models. In addition, it will be possible 
for businesses to use the simulator in order to determine cost-effective strategies 
given different (future) scenarios. 

In the next section we further motive the need for the type of tool suggested and 
review some related work. We then describe the problem domain and the structure of 
the simulator. A discussion and pointers to future work concludes the paper. 



 

2   Background 

The importance of being able to predict the effects of governmental control policies 
can be illustrated by the marginal cost principle. According to this principle, the 
external costs of transports, such as, emissions, road wear, congestion, noise, acci-
dents etc., should be internalized. It has been argued that the current fees and taxes 
for heavy transports do not correspond to the actual external costs caused by these 
transports [5]. To apply the marginal cost principle it is necessary to change some 
taxes, fees, or regulations. But in order to know which action(s) to take, it is impor-
tant to have deep knowledge regarding the effects of these actions, i.e., how the dif-
ferent actions will change the behavior of the actors involved in transport chains. This 
is important in order for policy makers to take a long term perspective supporting 
sustainable growth of trade and industry. From the perspective of the actors in a 
transport chain, they need to develop strategies for acting given different future im-
plementations of control policies.  

2.1   Existing Simulation Models for Transport Systems 

Traditionally, the effects of control policies have been studied using macro-level 
models, such as SAMGODS (SAMPLAN) [8], ASTRA [1] and SISD [6]. This type 
of models are taking a societal perspective and are based on aggregated course-
grained data on the national level. A problem with these models is that they do not 
take the logistical processes into account, e.g., choice of carrier type and inventory 
strategies, and thus fail to model the level where the decisions regarding the actual 
transports are taking place. Models that take logistical aspects into consideration are 
for example SMILE [9], GoodTrip [2] and SLAM [6]. However, these models cannot 
take specific properties of individual transport chains into account. Due to (increased) 
cooperation between actors in transport chains (e.g., producers, customers, transport 
operators), there exists a significant flexibility of how to carry out their operations 
given different control policies. We believe that more precise predictions regarding 
the effects of control policies can be achieved using micro-level models, i.e., trans-
port chain level models, that capture also the decision making of the actors in the 
logistical processes. 

2.2  Multi Agent Based Simulation for Policy Making 

As Multi Agent Based Simulation, MABS, and other micro simulation techniques, 
explicitly attempts to model specific behaviors of specific individuals, it may be con-
trasted to macro simulation techniques that are typically based on mathematical 
(equation-based) models where the characteristics of a population are averaged to-
gether and the model attempts to simulate changes in these averaged characteristics 
for the whole population. Thus, in macro simulations, the set of individuals is viewed 
as a structure that can be characterized by a number of variables, whereas in micro 
simulations the structure is viewed as emergent from the interactions between the 



 

individuals. According to Parunak et al. [7] “…agent-based modeling is most appro-
priate for domains characterized by a high degree of localization and distribution and 
dominated by discrete decision. Equation-based modeling is most naturally applied to 
systems that can be modeled centrally, and in which the dynamics are dominated by 
physical laws rather than information processing.” Obviously, transport systems ful-
fill all the characteristics of domains appropriate for agent-based modeling. 

As an example of an application of MABS for policy making, consider Downing et 
al. [4], who have used it in the context of climate policy and climate change. A proto-
type agent-based integrated assessment model was proposed for water issues like 
drought, flood etc. where the social relations that support the effectiveness of exhorta-
tion are described. Downing et al. argue that MABS is well-suited for this purpose 
since agents represent the behavior of different actors, here policy makers and house-
holds, and the interaction between the agents can therefore be described and evalu-
ated. Also, since MABS can represent different grain, couplings to macro-models can 
be done. 

3  The Problem Domain 

The general area investigated is decision support for public policy makers in the area 
of transportation and traffic. In particular we study the question: What would the 
consequences be in a transport chain1 given a certain policy? We envision a simula-
tion-based decision support system were a policy maker is able to experiment with 
different types of fees, taxes, requirements on vehicles, etc. and get feedback from the 
system regarding the predicted effects of these policies. 

The consequences of public control policies on transport chains are closely con-
nected to the decisions made within the chain, such as, choosing mode of transporta-
tion, carrier size, when to transport, which quantities to transport. These decisions are 
made by different actors at different levels in the chain and may have implications on 
the system which are rather hard to anticipate. 

In general a transport chain can be organized in a number of different ways with 
respect to the owner of the products at different locations and to the decision makers 
organizational belonging, e.g., the transport could be carried out by either the seller, 
buyer or third party logistics operator. The decision making in transport chains is 
subject to both short- and long-term planning implying that the time dimension of the 
decisions needs to be considered when modeling the transport chains. We will assume 
that the decision makers (actors) are cost minimizers locally. However, we incorpo-
rate the objective of cost minimization at a system level by allowing market-based 
cooperation between the simulated actors. 

The input to the simulator is:  
- the transport tasks, i.e., a sequence of customer requirements 

                                                           
1 We avoid the term supply chain, since it implies indirectly that a customer view is taken, i.e. 

to supply a customer, rather than a system view. Also, our focus is on transports, whereas 
production and consumption provides the context in which the transports take place. 



 

- the available transport resources and their characteristics, such as costs, 
capacity, and environmental impact 

- the available production resources and their characteristics 
- the available infrastructure, e.g., road and rail networks 
- the location of producers, customers, storages, etc.  

Given this task, the user of the simulator will be able to experiment with different 
control policies, by varying a number of parameters corresponding to different taxes, 
fees, regulations etc.  

The output will then include (among other things):  
- performed transport operations  
- the estimated external costs (including environmental costs) 
- society revenue (from taxes, fees, etc) 
- the internal costs 
- customer satisfaction measured in terms of reliability of deliveries and quality 

of products. 

4  The Simulator 

As mentioned earlier we have chosen a hybrid approach, where an agent-based ap-
proach has been used to simulate the decision-making activities, and a more tradi-
tional object-oriented micro-level approach has been used to simulate the physical 
activities. This is illustrated in Fig 1 and further described in the remaining part of 
this section. 

4.1 Physical Simulator 

The physical simulator is based on the description of the production and distribution 
network suggested by Davidsson and Wernstedt [3]. It simulates the physical level of 
the production and distribution of commodities, whereas the decisions for what to 
produce, where to store the commodities, fleet management, etc. are simulated by the 
decision-making simulator. 

There are four basic types of entities in the simulator that makes up the production 
and distribution: nodes, links, transport carriers and commodities. A node is a pro-
ducer, an internal distribution node, or a customer, and has the following attributes: 

- production capacity for each commodity, 
- production level (dynamic, i.e., the value may change during the simulation), 
- storage capacity (volume) for each commodity type, 
- inventory level (dynamic), 
- load time for each carrier type, and 
- unload time for each carrier type. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. The two layers of the simulator. 

A link connects a pair of nodes in the distribution network and acts as a distribution 
channel for the transport carriers. A link has the following attributes: 

- connected pair of nodes, 
- mode of transportation, 
- length, and 
- maximum distribution speed. 

A transport carrier is an entity that performs a transport along a link and has the 
following attributes: 

- carrier type (Each type is associated with a particular mode of transportation.), 
- volume capacity for each commodity type, 

 

 
Transport chain 

coordinator 

Decision maker simulator 

Transport 
buyer 

Physical simulator 

Transport 
planner 

Customer 
agent 

Customer 
agent 

Transport 
planner 

Product 
buyer 

Production 
planner 

Production 
planner 



 

- location (dynamic), 
- load (dynamic), 
- maximum speed, 
- delay probability distribution,  
- transport cost (as a combination of fixed and proportional costs), and 
- environmental impact (as a combination of fixed and proportional impact). 

A commodity is produced at nodes and transported via links by transport carriers and 
have the following attributes: 

- commodity type (based on storage requirements), 
- production cost, 
- production time, 
- mass,  
- volume, and 
- quality (dynamic, based on age). 

The activities in the physical simulator can be controlled during run-time through a 
number of commands. There are commands available to start a production batch, load 
and unload commodities from a transport carrier, initiate a transport or consume com-
modities. Commands that are sent to the simulator are placed locally at the target 
entity in a first-in-first-out queue.  

The available commands, their constraints and expected outcomes are: 
- Manufacture(n, c, s) Adds a new command to the command queue of node n 

to start a new production batch of commodity c of size s. The command is 
executed if the node has the required production capacity. The time until the 
batch is completed is determined by the production time. When the batch is 
completed the new commodities are placed in storage at n. 

- Load(v, c, s, n) Adds a new command to the command queue of transport car-
rier v to load the quantity s of commodity c from the storage of node n. The 
command is executed if the transport carrier is located at node n. It then re-
quests the commodities from the node which returns the commodities (if avail-
able) and the time it takes to load them.  

- Unload(v, c, s, n) Adds a new command to the command queue of transport 
carrier v to unload the quantity s of commodity c to the storage of node n. 
Works similar to the Load command with the difference that a request to 
unload is sent to the node. 

- Dispatch(v, e) Adds a new command to the command queue of transport car-
rier v to initiate a transport using link e. The command can only be executed if 
the carrier is at either of the nodes connected by e, and is not un/loading. 

- Consume(n, c, s) Adds a new command to the command queue of the node n 
to consume quantity s of commodity c from the storage of node n. 

In addition, it is possible to read the attributes of all entities. 



 

4.2 Decision-making Simulator 

We have identified a number of important roles in a transport chain, which are de-
scribed in the table below. 
 
Decision 
maker 

Decisions and actions Based on Goal 

Customer 
agent 

Makes requests of products 
with respect to quantities, 
time of delivery (or time 
window), and quality level. 

Anticipated customer de-
mand and inventory levels 
at customer. 

Mediate customer 
requirements in the 
most accurate way 
that is possible. 

Transport 
chain coor-
dinator 

Decides how much should 
be bought from producers 
and how much should be 
taken from storages. Makes 
requests to product and 
transport buyers.  

Requests from the customer 
agents, intermediate inven-
tory levels, and transport 
and production opportuni-
ties. 

Satisfy the cus-
tomer requirements 
at the lowest possi-
ble cost. 

Product 
buyer 

From which producer 
should the products be 
bought? Makes request of 
production to production 
planners. 

Requests from transport 
chain coordinator. Bids 
from producers (production 
planners), including prices, 
deadlines, quality of product 
etc. 

Satisfy the product 
requirements at the 
lowest price possi-
ble (given the 
constraints). 

Production 
planner 

What is the best bid that the 
producer can provide? 
Gives production orders to 
the producer. 

Production capacity, storage 
levels (at the production 
site). 

Minimize produc-
tion costs. 

Transport 
buyer 

From which transport op-
erator should the transport 
be bought? Makes request 
of transports to transport 
planners. 

Requests from transport 
chain coordinator. Bids 
from transport operators 
(transport planners), includ-
ing prices, quality of trans-
port, etc. 

Satisfy the trans-
port requirements 
at the lowest price 
possible (given the 
constraints). 

Transport 
planner 

What is the best bid that the 
transport operator can 
provide? Assigns tasks to 
transport carriers (fleet 
management). 

Status (availability, posi-
tion, etc) of the transport 
carriers controlled by the 
operator. 

Minimize transport 
costs. 

 
 
There are many possible mappings between organizations and the different decision 
making agents. In the extreme case, all decision makers belong to the same organiza-
tion for a transport chain, e.g., petroleum companies. Another extreme, is where all 
decision makers belongs to different organizations. Also, intermediate arrangements 
exist such as one of the real world cases in the project. Below is some mappings be-
tween agents and organizations suggested: 



 

- The customer agent might be a retailer or a producer, with the goal to buy a 
desired quantity of goods to the lowest price and delivered at a desired time. 
However, this agent can typically accept (to a reduced price) to receive the 
products earlier than required and hence store the product until needed.  

- The transport chain coordinator might, for example, be a planner within a 
larger company or a third or fourth party logistics operator.  

- The product buyer is often connected to the organization which hosts the 
transport chain coordinator. However, it can be independent, for example, in 
case the transport chain coordinator is a third party logistics operator.  

- The production planner belongs typically to the producing company.  
- The transport buyer might belong to different type of organizations, for in-

stance, the transport buyer might belong to the same organization as the cus-
tomer or as the transport chain operator.  

- The transport planner typically belongs to the organization owning and con-
trolling the transport carriers.  

In a studied transport chain within the food industry, a number of decision making 
agents: transport chain coordinator, product buyer, production planner, and transport 
buyer, are all associated with the producing company. The customer and the transport 
planner agents are associated with the customer and the transport operating company, 
respectively.  

The suggested hierarchical design of the decision maker simulator allows for the 
study of different levels of cooperation. In an extreme, but rather common, case, the 
agents have pure local objectives (local cost minimizer) with virtually no sharing of 
information. In another extreme case, they are fully cooperative with the objective of 
minimizing total cost of the system. 

The decision-making simulator primarily models operational decisions. Strategic 
decisions, such as buying or selling of vehicles or storage capacity, are not explicitly 
modeled. However, these decisions may be accounted for by the user of the simulator 
or directly in a more advanced version of the simulator by extending the domain of 
decision that the agents can make.   

5  Conclusions and Future Work 

We have outlined a hybrid micro-level simulator which is currently being developed. 
It models the physical activities as well as decision making activities taking place in 
transport chains. We will use this simulator in order to study the effects of different 
governmental control policies. This will be done in several steps with increasing 
complexity: 

1. Consider only the transport selection issues (focusing on the decisions made 
by the Transport buyer), assuming that sufficient amount of products and car-
riers always are available. 



 

2. Considering also fleet management issues (focusing on the decisions made by 
the Transport planners), but still assuming that sufficient amount of products 
always are available. 

3. Considering also production planning (focusing on the decisions made by the 
Production planners), but assuming that transports and production are inde-
pendently planned. 

4. Consider cooperation between producers and transporters (focusing on the de-
cisions of the Transport chain coordinator and its interaction with the produc-
tion and transport buyers). 

Once step four is completed, different levels of cooperation between actors can be 
studied. Hence the effects of governmental control policies can be studied in relation 
to level of cooperation. 

A number of characteristic scenarios will be studied using the simulator. In-depth 
case studies will be made on a set of transport chains involving FoodTankers and 
Karlshamns AB (see below). Validation of the simulation model will be carried out 
partly through these case studies, and partly though close cooperation with SIKA (the 
Swedish Institute for Transport and Communications Analysis). SIKA has much 
experience in the area and access to vast amount of data concerning the Swedish 
transport and traffic systems. As they also are a potential user of the simulator, they 
are participating in the requirements analysis. 

In order to generalize the results so that the effects in other types of transport 
chains can be predicted, a number of relevant logistic factors have been identified. 
Examples of logistic factors are: geographical spread of producers and customers, 
transported volumes, value to weight (or volume) ratio of the goods, possibility to 
store the goods, available transport modes.  
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