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ABSTRACT

In the movement of freight across the supply chain, terminals play an important role as points of transfer
between different modes. The location of terminals is one of the most crucial success factors bearing
directly and indirectly on the main stakeholders involved including policy makers, investors, terminal
operators, freight operators, and the local community affected. There have been several attempts to
develop models to evaluate the optimum location of terminals. However, those models tend to maximize
terminal owners’ and users’ benefits. Only a few attempts have been made to include community impacts.

There is a need to deal with the individual perception and strategic behavior of each stakeholder,
including the behaviour and objectives of the impacted community living close to potential terminal sites.
Finally, there is no concrete study on how terminal expansion, interdependency of terminals, and freight
policy affect the pattern of terminal locations. The paper reports on the initial phases of a study aimed at
developing a model to perform an evaluation of intermodal freight terminal location decisions. The model
will be developed, based upon the most appropriate multi-objective evaluation techniques derived from
the findings of the research investigation, with other supporting established modules including land use
allocation and transport network models; financial viability; terminal user cost; and environmental and
traffic impact modules. The influences of terminal expansion, interdependency of terminals, and freight
policy on the pattern of terminal locations will also be investigated by a sensitivity test. The developed
model is expected to be a comprehensive tool for assisting decision makers in selecting the optimum
terminal locations that satisfy the often conflicting needs of the major players.
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1. INTRODUCTION

Intermodal freight transportation is defined as a system that carries freight from origin to
destination by using two or more transportation modes. This research is limited to road-rail
intermodal freight transportation which is competitive with road only options over longer distance
and characterised by the combined advantages of rail and road, mainly: a rail for long distances
and large quantities, road for collecting and distributing over short or medium distances, Nierat
(1992); Slack (1998); and Arnold et al. (2004).

Intermodal freight terminals are one of the key elements that function as transferring points of
freight from one mode to another (See Figure 1.) The term “terminals” will be used throughout
this paper.

] Freight Origin / Destination 57

O Road — Rail Intermodal Terminal

<> Direct Truck Route (Long-haul) D\ O/ O‘\E

<+—> Terminal Access Truck Route (Short-haul)

<> Shuttle Train
Figure 1 Road — Rail Intermodal Terminal

Location of terminals is one of the most crucial success factors in intermodal freight
transportation and needs to be considered very carefully as it has direct and indirect impacts. For
example, financial, economic, social, and environmental impacts on different stakeholders
involved including investors, policy makers, freight terminal operators, freight operators,
industry, and the community.

2. LITERATURE REVIEW

This research deals with multi-objective evaluation of road-rail intermodal freight terminal
location. In this section, background of intermodal freight terminals, terminal location decisions,
objective functions and criteria for evaluation, optimisation models for location decisions, multi-
objective evaluation as well as the current state of knowledge in design of multi-objective
terminal location evaluation models are reviewed.

2.1 Intermodal Freight Terminals

Characteristics of terminals are described by McCalla et al. (2001) as: transfers of freight from
one mode to another; requiring large amount of land and a high degree of accessibility; having a
low rental which is affordable by every user; and generating negative environmental impacts
especially noise and traffic congestion, Slack et al. (1997). Types of the terminals can be
classified by different criteria (see Table 1).
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Table 1 Classification of Intermodal Freight Terminals

Classification Criteria Types Remarks

Connector, - Ports (ocean and river)
- Airports
- Road/rail terminals
- Pipeline/road terminals

Size, Sd+D (2004) - Small - less than 5,000 TEU’s'
- Medium - 5,000 to 20,000 TEU’s
- Large - 20,000 to 40,000 TEU’s
- Super - over 40,000 TEU’s
Organisation, RFG (2005) - Single customer terminals

- Single operator terminals

- Independent service providers
(3th party logistics operator)

- Freight villages

Other sidings

Source: Adapted from Sd+D (2004) and RFG (2005)

2.2  Terminal Location Decisions: Influencing Factors

Intermodal freight terminals have direct and indirect impacts on land use and business
development, McCalla et al. (2001). A number of factors influencing terminal location decisions
can be viewed from different perspectives, as shown in Figure 2.

In a terminal user’s or demand perspective, the major determinants include proximity to
industries; market; and Central Business District (CBD), rental costs and types of intermodal
freight; containers and vehicle characteristics, McCalla et al. (2001). For a terminal
owner/operator or supply perspective, site and space, access to transportation infrastructure (e.g.
truck routes, railway lines, port etc.), and accessibility are the predominant ones, West and
Kawamura (2005). Apart from direct influencing factors as mentioned above (in both demand
and supply perspectives), indirect factors exist. For instance, externalities ned to be taken into
account from a community perspective. McCalla et al. (2001) pointed out that although influences
of industrial firms, as well as other location determinants, on the financial viability of the terminal
are mentioned; specific values still cannot be assigned to transport impacts as the spatial
proximity of a company to a transport site does not imply a direct or induced effect.

From the literature review, many impacts especially externalities have still not been fully
evaluated. Externalities, for example, environmental impacts, energy usage impacts, and social
impacts, are explained as the impacts felt by those who are not transport users (ie: third parties
who are not compensated if it is a cost; or asked to pay if it is a benefit), Sirikijpanichkul and
Ferreira (2005).

A challenge is how to incorporate these externalities into the current terminal location decision
studies. The behavior of various groups of land users, e.g. residential, commercial, etc., also need
to be considered in order that equitable solutions are arrived at. Some determinants may have
more weight for specific groups. For instance, local residents may be more concerned about

" TEU - Container dimension means twenty-foot equivalent unit (or 6.2 meters in length)
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environmental health than terminal users. Thus, it is important to balance the benefit among the
relevant parties.
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Figure 2 Intermodal Freight Terminal Location Decisions: Influencing Factors
2.3  Objective Functions and Criteria for Evaluation

To evaluate terminal location options, all relevant criteria should be determined according to the
aims and goals of each stakeholder. The criteria define the measure of performance that will be
produced by the model. To measure the effectiveness of these criteria, the objective function and
the decision variables are required. In addition, the constraints, which represent resource limits,
unacceptable system outputs, need to be defined to ensure that the decision variable are restricted
to their feasible (or permissible) values, Taniguchi et al (2001). Basically, in solving the location
decision problem, the objective function is developed to minimise the total costs or maximising
the total benefits. The simplified objective function is expressed as

max f (X)=(c'-TC(x)/ Y C-T, (D
xeX !

Inputs:
iz number of candidate terminals
c: unit cost of freight operation ($/ton or Decision Variables:

container unit) x: vector of location patterns of candidate
T: amount of freight operated at terminal I (ton terminals

or container unit)
X: feasible sets of vector x Subject to (Constraint Function):
TC, TC’: total transportation costs with and g(x)<b, o )

without terminals, respectively ($)
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A series of objective functions has been developed to represent the most realistic characteristics
of intermodal transportation costs. The latest objective function has been developed by Racunica
and Wynter (2005), using a non-linear, mixed-integer program based on the uncapacitated
terminal location problem expressed as:

min vubhhd)+ Y i+ Y fz, . 0)

M Q hh.hd.z (I,HeW \(HxH) jeH

The costs (y) in the linearised objective function are expressed as

ZELILLIES W ITH I WHED I IAD WSUNED ) NI I PR

ieN jeH keH leN jeH keH m=l,..., keH leN m=l,...,
where 20 : : . : .
il . origin and destination, respectively; ol
j.k : origin and destination terminal,
respectively; 1or
X : freight volume; ol

hh, hd : binary variables to represent to flow
between each kink in the piecewise-
linear approximation where
hh, hd = 1; if the m™ portion of flow
is captured by the terminal shuttle .
service between terminals j and k; A

variable costs, c(x)
o B
P S
i
i
4

form=1;...;M and 0 otherwise;
c(x) . variable cost (see Figure 3); )
Xiil : flow on the direct path from i to I; L frelglht VOl‘ume’IX
H <N : setof potential terminal nodes; o2 288 35 8 488
W N2 - setof origin-destination pair Source: Racunica and Wynter (2005)
f . fixed cost at the terminal; Figure 3 Inter-terminal Discount Function
z s z={z} € {0,1}™ is the vector
of binary decision variables indicating
whether a terminal is to be opened or not; ——  Direct link cost function
a . travel time derived from |  oo_--___. Inter-terminal or terminal-to-
s destination cost function
[ zxuklj ZXIJH - (5 g:
(i,l)ew (i,1)ew ‘3
(See Figure 4) 3
d : the vector of the demands for =
transport d = {d;} € R,V 'g e
o' I Py =M —(M=D", @
¢nt1d =m* - (m-— 1)0'6 (D) o freight volume, x
the slopes of each linear a
unit-length piece of the functions Source: Racunica and Wynter (2005)
C}k (.) and ¢ (.), respectively. Figure 4 Cost function calibration between a

direct and terminal-based trip



Sirikijpanichkul, A. and Ferreira, L., 2005

2.4  Optimisation Models for Location Decision
Optimisation models are normally used when the best or optimum solutions of the objective
functions in a specified system are required. Basically, these models fall into two categories;

namely, classical and heuristic (see Table 2).

Table 2 Categories of Optimisation Techniques

Category Techniques and Applications Advantage Disadvantage

A) Classical - Mathematical programming: - Provide the exact - Limited to small

e Linear / solution scale simplified
non-linear programming problems.
¢ Simplex method - Require many
- Branch and bound algorithms, simplified
- Lagrangian relaxation, assumptions
- Branch and cut methods, - High computation
- Set partitioning formulations, cost.
Etc.

B) Informed - Hill-climbing search, - Practical for - Do not guarantee to
(heuristic) - Simulated annealing search, complex model find the exact
search - Local beam search, formulations. solution.
strategies - Tabu search, - Flexible

- Genetic algorithms, regarding to the
- Expert system, nature of the

- Neural network, objective function

- Fuzzy control system, and constraints.

- Multi-agent system, Etc. - Reasonable
computation cost.

Source: Adapted from Taniguchi et al (2001) and Russell and Norvig (2003).
Location models can be distinguished not only by type of objective function but also by the

attitude taken towards the choice of location. Basically, they fall into three categories, namely,
continuous, network, and discrete models (see Figure 5).
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Figure 5 Continuous, Network, and Discrete Location Models

The continuous model basically assumes that the facility may be located anywhere in the space,
whereas the network model considers all the potential locations on the transport network. The last
model is the discrete model where a list of pre-selected sites is required from which to choose the
best alternative set.
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2.4.1 Classical Models

A number of researchers have applied classical techniques and network models to determine the
optimum number, size, and location of terminals, as well as the overall performance of the
system, including quadratic integer programming, O’Kelly (1987) and Klincewicz (1991), linear
programming and binary terminal-opening variables, O’Kelly et al. (1995); Klincewicz (1996);
Skorin-Kapov et al. (1996); Ernst and Krishnamoorthy (1998); Nickel et al. (2000); Sohn and
Park (2000) and Hamacher et al. (2000), linear programming (total transport costs), Arnold and
Thomas (1999), non-linear programming in which the inter-terminal cost term is a concave
increasing function of flow, O’Kelly and Bryan (1998) and Guldmann and Shen (1997), non-
linear, mixed-integer program based on the uncapacitated terminal location problem including
non-linear terms on the final terminal-to-destination links and inter-terminal links (take into
account the effect of freight consolidation and their scale economies), and a non-linear function
(concave cost functions) to capture the efficiency threshold of the inter-terminal and terminal-to-
destination links, a variable-reduction heuristic is also developed and used in the model, Racunica
and Wynter (2005).

A discount factor is applied to incorporate the cost reduction effect according to the consolidation
process in Ernst and Krishnamoorthy (1998); Hamacher et al. (2000), O’Kelly et al. (1995); or
Skorin-Kapov et al. (1996), and the number of profitable terminals (in term of opening costs and
travel time saving) to be opened and the paths used in the network are analysed in Bryan and
O’Kelly (1999); Campbell (1994, 1996),

Although, the model developed by Racunica and Wynter (2005) is the latest classical model
developed to date, it still has limitations. For example, explicit capacity constraints on the
terminals and shuttle and direct block services were not included in this model. Time-of-day
through a dynamic model and differentiation of freight flows by product type are not taken into
account. Fixed costs of converting existing terminals and marshaling yards into mega-terminals
are difficult to obtain, so the authors use only high, medium, and low estimates for these costs,
rather than quantifying them. In order to model the influence of train frequency on choice
decisions and on travel costs, the authors chose to implicitly include frequency effects through a
calibration of the cost function, rather than through the use of a dynamic model with time as a
parameter, similar to frequency network design as classified by Crainic (2000). Finally,
externalities are not involved. Also the recommendations which need attentions include the
investigation of the use of non-linear programming techniques, such as non-linear column
generation, to obtain good lower bounds in conjunction with some upper-bounding scheme, a
comparative study of the proposed heuristic with other techniques such as linear programming-
based methods, and finally further work on the polyhedral properties of the problem would be
useful for medium and large size problems.

Hamacher and Nickel (1998) propose a general classification that can be used to describe all
classical location models. It is in the form of P,/ P,/ P3/ P4/ Ps where each position refer to the
number and type of new facilities, type of the location model, a description of particulars of the
specific location model, relation between new and existing facilities, and description of the
objective function, respective. For example, N/D/././3 and #/D/././3. define the discrete N-median
model and the uncapacitated facility location model (UFL).

Solution methods to be used in terminal location decision problems classified by type of model
are reviewed in Table 3
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Table 3 Solution Methods in Terminal Location Decision Problems Classified by Type of
Location Model

Type of Model Techniques used
Linear Location | - A Benders decomposition and the 0-1 programming problem over the binary
Model variables.

- Specialized heuristics — Klincewicz (1991)

- Meta-heuristics such as tabu search — Skorin-Kapov and Skorin-Kapov (1994)

- Dual procedures

- Linear programming relaxation — Klincewicz (1996), Skorin-Kapov et al. (1996)

Convex Non- - Benders scheme

Linear Location | - Lagrangian heuristics to obtain good lower bounds

Model - Branch and bound from the dual solutions to obtain very good or exact primal
solutions

Concave Non- - A path flow exchange-type algorithm based on repeated shortest path

Linear Location calculations and shifts of flow across the shortest paths - Minoux (1989)

Model - Upper and lower-bounding procedures — Balakrishnan and Graves (1989)

- Randomized meta-heuristics GRASP — Holmgvist et al. (1998)

- Specialized heuristic by successive linear underestimation of the piece-wiese-
linearized cost function.

- Algorithms for the exact solution over polytopes — Horst and Tuy (1996)

A standard mixed-integer facility location problem — Verter and Dincer (1995)

A standard mixed-integer linear programming software — O’Kelly and Bryan

(1998)

A single, large mixed-integer program — Hamacher et al. (2000)

Source: Adapted from Racunica and Wynter (2005)

2.4.2 Heuristics Models

The other alternatives to be used for terminal location decision problems are heuristic techniques.
By their nature, heuristic approaches are flexible regarding the nature of the objective function
and constraints. Many heuristics use the concept of neighbourhood when generating solutions. A
neighbourhood is the set of solutions that can be formed the current solution by a simple
operation. The nature of the problem usually determines how the neighbourhood set is
constructed, Taniguchi et al (2001). As heuristic techniques are widely used in solving multi-
objective optimisation problems, they will be reviewed intensively in Multi-objective Evaluation
section.

2.5  Multi-objective Evaluation

Before the multi-objective evaluation model is established, it is necessary that the system
boundaries or limits of the systems should be set up. These system boundaries generally have 3
dimensions A) spatial: geographic boundaries (where?); B) stakeholders: population groupings
(who?) and C) impacts: range of effects (what?). Of all dimensions, stakeholders seem to be the
most complicated component that cannot be solved straightforwardly in the modelling process.
Generally, stakeholders (actors) reason from their own subjective. Those perceptions are possibly
incomplete or even incorrect. Therefore, perception based modelling techniques are developed
and expected that they will help the decision-making process become closer to reality, Taniguchi
et al. (2001). In the terminal location decision problem, there are a number of stakeholders



Sirikijpanichkul, A. and Ferreira, L., 2005

involved. The aims and goals of each stakeholder, as shown in Table 4, can easily be in conflict.
To deal with this problem, all the criteria are necessary to be converted into measurable indicators
and evaluated by using multi-objective evaluation models.

Table 4 Objectives and Criteria for Terminal Location Evaluation Model

Stakeholder Actors Objectives and Criteria for Evaluation
A) The users - Transport - The logistical (operational) desirability:
operators; o The minimisation of the cost of transport (The
- Forwarder; sum of the “out-of-pocket” cost and the value
- Consignors and of the transportation time);
consignees e The reliability and the frequency of the
service;

« The services offered by the terminal;
o Connection with other transport modes;

B) The service - The terminal - Financial viability and sustainability;
providers owners; - The possibility to expand the terminal;
- The terminal - The capacity of the system
operators
C) The community - The environmental impacts,
as a whole - The traffic impacts,

- The economics impacts: cost/benefit analysis

Source: Adapted from EU (1996) and Macharis (2001),

A series of multi-objective evaluation models is developed. Rutten (1995) constructs a network
model of the road-rail network in the Netherlands. The model determines the effect of adding new
terminals to the system on the existing ones and on the overall performance of the system. EU
(1996) provides an overview of the evaluation methods and criteria used in investment decisions
for terminals in the various EU countries. An integrated framework for the evaluation of nodal
centers, where a financial analysis and a social cost/benefit analysis are combined, is proposed.
However, it is difficult to be used as all the effects have to be expressed in monetary-values.

Ashayeri and Rongen (1997) propose a framework to select a site for a European Distribution
Center (EDC). A model is proposed to select the optimal sites according to the cost minimisation
criterion (cost of transport and location). The number of sites resulting from the model determines
the type of distribution model (centralized versus decentralized distribution). If there is a lack of
data, a grid model is used. The final evaluation is done by ELECTRE method. Maggi (1998)
determines the decision criteria for location of logistics nodes but no formal evaluation method is
developed. Macharis (2001) points out that the studies of Asheyeri and Rongen (1997) and Maggi
(1998) are not applicable to the location of intermodal terminals due to the different kind of
criteria that have to be considered when the size of the projects is much larger. Accordingly, the
“LAMBIT”-model (Location Analysis Model for Belgian Intermodal Terminals) by the
PROMETHEE-method, Brans (1982); Brans and Mareschal (1994); Macharis et al. (1998), by
using Decision Lab software, Visual Decision (1999), is developed in his study. However, the
study only focuses on the location of an inland intermodal terminal at a waterway which may
have different characteristics for road-rail intermodal terminal in different aspects.
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Declercq and Verbeke (1999) develop a decision support system called EMOLITE: the Evaluation
Model for the Optimal Location for Intermodal Terminals in Europe is developed by using fuzzy
logic. It also incorporates a simulation facility, where the user can compare what are the results
are of changes in his/her weights in the ranking of terminals. However, a number of limitations
are found. The model is considered as a prototype rather than a practical tool. It ranks the
alternative terminals according to a number of attribute values and criteria which have influence
on investors and users but not on community (externalities are ignored). Distances between
terminals are not considered. The origin terminal is not relevant, only the destination terminal, its
conditions and the connections it has with other terminals is considered. Also Intermediate
terminals are not integrated. Finally, the multiple terminal choice models are not implemented in
the model due to its complexity. Groothedde and Tavasszy (2000) use the simulated annealing
technique. In order to find the optimal locations of terminals, terminals are added to the network
randomly and for each changed network configuration the total generalized and external costs are
determined.

From the literature review, some arguments are made and need attention. Intermodal terminal
location is not only the matter of terminal operators’ or users’ benefits, but also community’s
benefits as a whole. In most studies, externalities including social and environmental costs are
largely neglected. There are very limited researches that incorporate these externalities e.g.
Groothedde and Tavasszy (2000). To select the optimum location for all of the stakeholders,
understanding the ‘real’ perception of each actor (e.g. operators, users, and community) including
the individual strategic behavior is very important. There is still lack of understanding in these
aspects. Some investigations have been made e.g. DANA in Taniguchi et al. (2001) but they are
rather qualitative instead of quantitative.

Multi-objective optimisation/evaluation is applied to solve terminal location evaluation problems.
Heuristic approach is found to be more practical to deal with such a complex situation than
classical one. In addition, it is more flexible and cost effective. Several heuristic techniques have
been used in the intermodal terminal location evaluation problems including fuzzy logic, Declercq
and Verbeke (1999), simulated annealing, Groothedde and Tavasszy (2000), and PROMETHEE-
method, Macharis (2001). Some techniques, although have not directly been used in solving the
terminal location problems, but are challenging to be adopted, for instance, beam search
algorithm, Kim and Kim (1999), tabu search, Preston and Kozan (2001); Higgins et al. (1996),
expert system, Abacoumkin and Ballis (2004), genetic algorithms, Bontempi et al. (2005);
Bortfeldt and Gehring (2001); Kozan (1997, 2000); Kozan and Preston (1999); Bruzzonea and
Signorile (1996); Gambardella et al. (1996), and multi-agent system, Brooke (2002); Degano and
Pellegrino (2002); Degano et al. (2001); Dong and Li (2003); Funk et al. (1998, 1999);
Gambardella et al. (2001), Henesey (2002, 2004a, 2004b); Henesey (2003a, 2003b); Mastrolilli et
al. (1998); Proshun (2003); and Rizzoli et al. (1999, 2002). However, there is no literature
comparing the performance of these evaluation techniques so far.

The other argument that needs to be addressed is, even the network model plays an important role
when solving the terminal location problem as it determines the effect of adding new terminals to
the system on the existing ones and on the overall performance of the system, the influence of
terminal expansion, interdependency of terminals (how they really work together), and freight
policy on the pattern of terminal locations have never been critically investigated to date.
According to the arguments made above, the authors believe that there is still considerable room
to improve the existing models being used in solving the intermodal terminal location evaluation
problem.

10



Sirikijpanichkul, A. and Ferreira, L., 2005

3. PROBLEM STATEMENT

A number of research questions emerge from the literature review. For example, a) when
evaluating terminal location decisions, are all the stakeholders’ benefits fully taken into account?
b) Does the model truly reflect the ‘real’ perception of each stakeholder (e.g. operators, users, and
community) and the individual strategic behavior? ¢) Which techniques are most appropriate for
evaluating terminal location decisions? d) How terminal expansion, interdependency of terminals
(how they really work together), and freight policy affect the pattern of terminal locations? How
to measure these influences?

4, OBJECTIVES

The objectives of this research is to develop a terminal location evaluation model, which takes all
the stakeholders’ benefits into consideration, to investigate the individual perception and strategic
behavior of each stakeholder and incorporate them into the model, review and discuss the
advantages and disadvantages of each evaluation technique and adapt one that is likely the best to
be used in the model, and finally to investigate the influences of terminal expansion,
interdependency of terminals, and freight policy on the pattern of terminal locations and measure
them through the sensitivity analysis.

S. TERMINAL LOCATION EVALUATION MODEL

After the advantages and disadvantages of various multi-objective optimisation techniques, in
both classical and heuristic approaches, are evaluated and compared, the most appropriate model
will be selected to develop the terminal location evaluation model. The model comprises four
supporting modules including land use allocation and transport networks; financial viability;
terminal user costs; and environmental and traffic impacts. These modules are developed to
ensure that all of the stakeholders’ benefits (including terminal owners’ / operators’, terminal
users’, and communities’) are taken into account. Objective functions, evaluation criteria, and
constraints of each stakeholder will be developed and incorporated into the model.

Land use allocation and transport network module will be developed by incorporating transport
network data including zones (residential and commercial areas; major trip attraction and
destination; industrial parks; ports; etc.); links (road; rail; expressway; etc.) and nodes
(intersections; interchanges; intermodal terminals;, etc.) and their attributes; for instance,
capacity; speed-flow curve; types of intersection control; signal setting; priority rules; penalty
functions; etc., transport demand data including Origin-Destination (O-D) matrix, especially in
peak-hour periods, of both passenger and freight, and transport policy data including all of the
transport policies implemented especially freight transport policy e.g. zonal or temporal truck
ban; truck routes etc.

Financial viability module will be developed by incorporating terminal cost data including

capital; operation; and maintenance cost of the terminals, terminal revenue data including rental
fee and other revenues generated from terminal operation, and indicators for sustainability data

11
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including volume; distance; site investment; import/threat of competing channels; terminal
capacity and capital equipment; and seasonality, Sd+D (2004).

Terminal user cost module will be developed by incorporating terminal user cost data including
operation cost; vehicle operating cost; delay cost; out-of-pocket cost e.g. terminal fee; toll fee etc.

Environmental and traffic impact module will be developed by incorporating emission data
including emission factors of major emissions e.g. Carbon Monoxide (CO); Nitrogen Oxide
(NOy); Sulphur Dioxide (SO,); Suspended Particulate Matter (SPM); etc., and quantifying value
of each emission; noise data including noise impact factor and its quantifying value; traffic
impact data including value of time and vehicle operating cost of transport users.

The model process begins with the options for terminal location being sent to land use allocation
and transport network module as input data. Then, the terminal and network outputs of base case
and options are calculated including terminal costs (capital costs; terminal operating; and other
variable costs) costs, traffic volume, vehicle-kilometer-travel (VKT) etc. These output data are
then supplied into financial viability module, terminal user cost module, and environmental and
traffic impact module to calculate the evaluation attributes to be used in multi-objective location
evaluation model. After the multi-object location evaluation process, if the solution is mutually
satisfied by all of the stakeholders then the location choices become the final outcome, else the
feedback would be sent back either to the options for terminal locations to re-select another set of
location choices or to the multi-objective location evaluation model to negotiate among the
stakeholders and re-adjust the weight of each stakeholder. The structure of terminal location
evaluation model is illustrated in Figure 6.

6. MODEL TESTING AND VALIDATION

To assure that the model is calibrated and validated, it will be tested with a real-world case study.
In this research, the potential sites of intermodal freight terminals in SEQIFTS, according to the
Stage 2 of South East Queensland Inter-modal Freight Terminals Study (SEQIFTS) report, QT
(2005), will be used as a case study. The model will be calibrated and validated against set of
validation data. To investigate the influences of terminal expansion, interdependency of
terminals, and freight policy on the pattern of terminal locations, sensitivity test will be conducted
to the model by observing changes of model outputs subject to changes of the relevant variables.

7. EXPECTED OUTCOMES

The model developed from this research work, is expected to be a comprehensive tool for
assisting decision makers in selecting the optimum terminal locations that satisfy all needs of
stakeholders. The model will take into account the perception of each stakeholder, as well as the
individual strategic behavior, the interdependency of terminals, and the influence of freight policy
on the pattern of terminal locations.

12
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Figure 6 Evaluation Model for Intermodal Freight Terminal Location

8. CONCLUSION

This research is aiming at developing a new evaluation tool for intermodal freight terminal
locations since the previous models are not inclusive in terms of externalities, stakeholders’
perception and behavior, model appropriateness, and impacts of terminal expansion;
interdependency of terminals; and freight policy. The paper provides the approaches that the
model is developed and the comprehensive literature reviews on the relevant topics.
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