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Abstract:

Urban regions today face serious challenges caused by past and ongoing
transport and land use developments. Decision making in this context is a
challenging task which was explored in detail in a series of research projects.
To support decision making, tools were developed to reduce the risk of
inappropriate decisions in the land use and transport context. One of these
tools is MARS (Metropolitan Activity Relocation Simulator); an integrated
dynamic land use and transport model. The paper presented here focuses
therefore on two main issues: 1) the introduction of the decision support tool
MARS and of the cause-effect relations between the land-use and the
transport system implemented within MARS and 2) the design and application
of the MARS flight simulator (MARS FS) as a graphical user interface for
MARS especially designed to the needs of decision makers.

1.

INTRODUCTION

Urban regions today face serious challenges caused by transport and land use
developments. To deal with these tasks decision makers need knowledge
about what kind of strategies can contribute to goals like reduction of road
congestion, increase quality of life, or how to ensure future economic
prosperity. It is common knowledge that transport and land use planning are
strongly interrelated and play a key role in the achievement of present and
future objectives. It is also well known that the decision making process
3
Jos P. van Leeuwen and Harry J.P. Timmermans (eds.), Innovations in Design & Decision Support
Systems in Architecture and Urban Planning, 3-17.
© 2006 Springer. Printed in the Netherlands.

4

Guenter Emberger et al.

concerning land use development becomes more and more complex. On one
hand the number of involved stakeholders is increasing and with it the
number of objectives which have to be met; on the other hand long term
feedback loops exist between the land use and the transport system which
have to be taken into consideration.
To reduce the risk of inappropriate and publicly unacceptable decisions
the use of state of the art decision support tools is essential. One of these
tools is MARS (Metropolitan Activity Relocation Simulator).
The paper is structured in the following way: In section 2 the typical
decision making process for land use and transport planning policy decisions
is introduced. To support this process a series of decision making support
tools were developed during the past decades. MARS, as one of these tools –
especially designed to follow as close as possible the decision making
process, is described in section 2. MARS was designed to support the
decision makers at all steps of decision making (objective definitions, policy
instrument identifications, assessment of short and long term impacts and
appraisal).
In section 3 an overview of existing comparable land use and transport
models is given and some detail on the philosophy behind MARS is
provided. During our work with MARS and collaboration with decision
makers it was realised that the use of MARS was becoming too complex for
decision makers.
To overcome this problem a simpler and especially for the user needs
adapted graphical user interface was designed and implemented. This user
interface allowing an easy handling of the MARS LUTI model will be
introduced in section 4.
Finally in section 5 empirical experience of using the MARS graphical
user interface gained from a series of workshops with decision makers is
given. The section concludes with an outlook of future research needs and
lists potential improvements of the software package.

2.

DECISION MAKING PROCESS

The “typical” decision making process was explored in detail within the EUproject PROSPECTS (PROSPECTS 2000-2003). Simplified it consists of
the following 4 major steps:
1. Identification of objectives/setting targets
2. Identification of possible instruments and combinations of instruments
(strategies)
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3. Assessing and appraising of the outcome of the instruments/strategies
against the objectives/targets including identification of barriers to
implementation
4. Can the objectives/targets be met?
If yes Æ strategy found – implementation of strategy
If no Æ go to step 2
To 1) Identification of objectives/setting targets
Without a clear defined vision of the objectives no goal orientated policy
package can be identified. A set of well defined key indicators is necessary
to monitor the outcome of the suggested policy packages. Useful indicators
are noise and air pollution, accident costs, present value of finance, fossil
fuel consumption, etc.
To 2) Identification of possible instruments and combinations of
instruments (strategies)
It is proved that only policy packages can deliver objective adequate
solutions. Combinations of policies are needed to overcome barriers to
implementation or help to generate enough revenue to implement costly
instruments (e.g. parking fees to support public frequency increases). A
comprehensive list of instruments in combination with a comprehensive
description of impacts can be found in the KonSULT-database (ITS 2002).
To 3) Assessment and Appraisal
Presently the Cost-Benefit-Analyses (CBA) approach is the most widely
accepted method to appraise the outcome of transport related policy
implementations. A well known weak point of this method is the
monetarisation of all impacts, which is not always an easy task. Additionally
the major share of benefits calculated in CBAs stem from time savings (in
most cases more than 70%) - which is problematic taking into consideration
the theory of constant travel time budget (for more info on this issue see
(Pfaffenbichler, Shepherd et al. 2004)).
Another approach to assess the outcome of policy packages is the use of
Multi-Criteria-Analyses (MCA), again the weighting problem is still an issue
of ongoing research discussions. However within the MARS FS environment
both methods can be applied.
To 4) Can the objectives/targets be met?
The run time of MARS respective MARS FS is a very fast (less than 1
minute for a 30 year simulation), so that users are able to test a wide variety
of different policy instruments in one single session. This allows transport
planners and decision makers to get a ‘feeling’ of the impacts and the
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magnitude of impacts of their tested policy combinations. Additionally it has
to be mentioned that MARS can be set up to maximize by its own any given
objective (-function).
Within the above-described decision making process, the MARS
model/flight simulator is used to assess the impacts on land use and the
transport system of either a single instrument or a set of instruments
combined to a strategy. As can be imagined to assess impacts of a wide set
of instruments a complex model (= MARS model) is necessary. On the other
hand, transport planners and decision makers want to have a simple tool to
test easily and explore the impacts of their strategies. For this reason the
MARS FS was developed.

3.

LAND USE AND TRANSPORT MODELS

3.1

Overview

Operational land-use modelling was pioneered by Lowry in the 1960ies
(Lowry 1964). Initial models drew heavily on analogies to physics, e.g. the
law of gravity. Most current models have their foundation in random utility
theory, which is based on the principle of utility maximization originating
from micro-economics. Typically, LUTI models combine at least two
separate components: a land-use and a transport sub-model, which generate
dynamic behaviour based on time lags between the two systems. State of the
art models feature a modular structure, which entails a flexibility to include
further aspects such as imperfect markets (David Simmonds Consultancy
1999). There are, however, concerns that LUTI models focus mainly on the
redistribution of activities, neglecting aggregate effects, e.g. on employment,
as overall economic activity is usually exogenously specified (SACTRA
1998). Some of the most advanced European LUTI models are IRPUD
(Wegener 1998; Wegener 2004), DELTA (Simmonds 1999; Simmonds
2001), MEPLAN (Echenique, Flowerdew et al. 1990) and MARS (Pfaffenbichler 2003). Most of the models listed above can be classified as
“academic” models and therefore the focus of these models lies on the
functionality and not the user friendliness.

3.2

Introduction to MARS

MARS is a dynamic Land Use and Transport Integrated (LUTI) model. The
basic underlying hypothesis of MARS is that settlements and activities
within them are self organizing systems. Therefore MARS is based on the
principles of systems dynamics (Sterman 2000) and synergetics (Haken
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1983). The development of MARS started some 10 years ago partly funded
by a series of EU-research projects (OPTIMA, FATIMA, PROSPECTS,
SPARKLE). A comprehensive description of MARS can be found in
(Minken, Jonsson et al. 2003). To date MARS has been applied to six
European cities (Edinburgh - UK, Helsinki - FIN, Leeds - UK, Madrid ESP, Oslo - NOR, Stockholm - S, and Vienna - A) and 3 Asian cities
(Chiang Mai and Ubon Ratchathani - Thailand and Hanoi - Vietnam).

Figure 1. MARS – flight simulator – software system overview.

The present version of MARS is implemented in Vensim®, a System
Dynamics programming environment. This environment is specialised for
dynamic problems, and is therefore an ideal tool to model dynamic
processes.
The MARS model includes a transport model which simulates the travel
behaviour of the population related to their housing and workplace location,
a housing development model combined with a household location choice
model and of a workplace development model combined with a workplace
location choice model as shown in Figure 2. In the current version of MARS
two employment sectors are implemented (service sector and industrial
sector). The growth of population (and related to that the growth of work
force) is one hand driven by exogenously defined growth rates and on the
other hand influenced by the development within the land use model
Accessibility is one of the outputs of the transport model. Accessibility in
the year n is used as an input into the location models in the year n + 1.
Workplace and residential location is an output of the land use model. The
number of workplaces and residents in each zone in the year n is used as
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attraction and potential in the transport model in the year n – 1. There are also
links between the land use sub-models as they are competing for land and
availability of land influences its price. MARS iterates in a time lagged
manner between the transport and the land use sub-model over a period of 30
years.

Figure 2. MARS – flight simulator – software system overview.

Additionally the MARS model also comprises a state of the art fuel
consumption and emission model which allows the assessment of
environmental impacts of transport and land use developments.

4.

MARS APPLICATION – FLIGHT SIMULATOR

The MARS FS is a graphical user interface which is specially designed for
the needs of decision makers. It enables the user to set up a wide range of
transport and land use policy instruments and to simulate their impacts on
the development of the underlying case study area. In that way it supports
the decision maker to identify their optimal policy mix for their local
context. The paper demonstrates the added value generated by the use of the
MARS FS within numerous decision making processes and environments.

4.1

Introduction

The MARS FS is a simple to use push button interface for the MARS land
use transport model. The application uses a set of commands to give users
simplified access to the model. To the user, the MARS FS appears as a series
of buttons, menus, or a sequence of screens allowing him or her to use and
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analyze the MARS model in a straightforward and meaningful way.
(Ventana-Systems 2003).
Decision makers can themselves tryout their policies and see the
consequences immediately. To navigate through MARS FS you have to
operate the appropriate buttons, just like in any other Windows®
application.
When opening the MARS FS the first screen you see is the area of the
case study with its zones (Figure 3).

Figure 3. Start screen of MARS FS (case study Ubon, Thailand).

This screen gives you an impression how the underlying city looks like
and how the zones, used in the model, are numbered. The main menu lets
you choose:
1. to review the model structure;
2. to simulate the model or to;
3. to request help how to operate the MARS FS.
The Help pages cover the most urgent matters, e.g. how to review the
model, how to simulate with different policies and how to use the output
pages. Also every graph, table or document window in the application can be
exported to the clipboard for further use.
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Review of the Model Structure

The button “Review Model Structure” leads the user to a section of MARS
FS where he can explore the model inherent cause-effect relations. To be
able to do so two different ways are offered:
4.2.1

View Mode

The model is split up into different views, which in turn depict specific
thematic issues within the land use transport system. To review the model
structure with the MARS FS application, you can go through every single
view, and zoom in and out as necessary (Figure 4).

Figure 4. MARS FS – review model structure.

4.2.2

Causes Tree mode

Another way to review the relationships between the model variables is to
use the Causes Tree function. Here a tree-type graphical representation is
created showing the causes of the chosen model variable (Figure 5). By
clicking on a variable name, the causes tree can be expanded until the final
cause is reached.
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Figure 5. MARS FS – Causes Tree.

Figure 6. MARS FS – input policies and scenarios for simulation.
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4.3

Simulation of the Model

The core of the MARS FS is the simulation set up screen (Figure 6 ). On this
screen, all implemented transport policy instruments are represented with socalled “sliders”. For example in the upper left corner, there is a slider headed
“slow modes”. Here the user has the possibility to test the impacts of a
policy favouring the slow modes (pedestrianisation of the city centre zones).
To set up a scenario the user can either pick up the slider with the mouse and
moves it to the desired numerical value or keys in a target value in the box
below the slider.
This has to be done for a start year (in this case for the year 5 of the
simulation as shown with the number on the right hand side of the slider)
and for an end year (in the shown example year 20 of the simulation). After
the entered end year, the level of the instrument stays constant for the rest of
the simulation period. Of course, it is also possible for the user to vary the
values for the start and the end years between 0 and 30.
There are different policies for each mode implemented within the
MARS model and can be simulated using the MARS FS:
Slow Mode
Partially pedestrianisation of zones and/or implementation of cycle lanes.
These instruments will influence also the distance to or from the parking
places within the zones.
Public Transport
Decrease or increase public transport speeds, public transport fares or
public transport service frequency.
Motorcycle
Change fees for motorcycle parking, changes in taxes and changes of
costs for motorcycle purchases.
Car
Cordon charge for cars and motorcycles, change in taxes and costs of car
purchases, changes in car infrastructure capacity which influence car
travel speeds, changes of car parking fees and changes in the fuel prices.
As soon as the desired policy levers are set, the simulation of the model
can be invoked by pressing the “SIMULATE” button.
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Pre-prepared Indicators
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After the simulation (which takes about 20 seconds on a standard PC), the
user can immediately switch between different output variables and formats.
Within the existing MARS FS, the following variables are shown in graphs
for a “do-nothing” scenario and the user defined “do-something” scenario:
–
–
–
–
–
–

Mode share in peak and off peak
Population, workplaces
Total vehicle km motorized
Average commuting distance motorized and non motorized
Total CO2 emissions for car and motorcycle
Average commuting speed per mode.

The simultaneous display of the “do-nothing” scenario and the “dosomething” scenario shows the user the impacts of his tested policy
instrument in a clear way. Analyzing graphs is a good way to get the overall
picture, you can see immediately if, for example CO2, increases or
decreases. For the ones interested in absolute numbers, there is also the
option to present for every graph an according table (Figure 7).
4.4.2

Individual Output

If the MARS FS user wants to go into even more detail of analyses, there is
the possibility to choose from a list any variable within the model and
display it as graph or as a table. This feature also enables the user to display
and export information for a certain range of zones, for specific modes, or
for specific trip purposes, etc.
4.4.3

GIS – Output

Until now the GIS - Output was static – it consisted of a series of coloured
pictures viewed individually. The newest development of MARS FS
includes “AniMap interactive”, a tool developed from our colleagues and
GIS specialists at the Vienna University of Technology.
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Figure 7. MARS FS – Output Mode Share.
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“AniMap interactive” displays animated spatio-temporal information
with open-source software and open standards including a Web server, PHP,
MySQL, Internet Explorer and XML_SVG (Hocevar, Lunak et al. 2004).
After simulation MARS writes out automatically pre-chosen variables
into a MySQL database. The user just has to open Microsoft’s Internet
Explorer to view the changes in the selected indicators as a short movie over
the simulated time period.

Figure 8. AniMap interactive (case study Edinburgh, UK).

5.

OBSERVATIONS

Up to now, the MARS FS has been used as a decision support tool in two
workshops in Thailand. More than 40 high and medium level decision
makers took part in these workshops. The setting of the workshops was the
following: In small working groups (consisting of 4-6 persons) the
objectives for the underlying case study were discussed till an agreement
regarding the objectives was reached. In a next step the participants had to
agree on a set of key-indicators to monitor the outcome of the strategies and
to define desired target values, which should be reached within the 30 year
simulation period. After an intensive discussion round of 2-3 hours the
working groups were asked to present their findings and agreements to all
other participants in a plenum session.
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After that the participants were introduced to the MARS FS software. In
a 30-minutes session the key features of the software were explained and
then each working group was put in front of a computer to use MARS FS for
the personally. They were asked to use the software to test if their objectives
respective target values can be reached within their set of policy packages
during the 30 year simulation period. This exercise was repeated until a
satisfactory result was obtained. Not in all cases it was possible to meet all
their set targets simultaneously. Participants found this especially interesting
and stated that this provided useful insights in the complexity of decision
making policy implementations within the urban context.
In general the feedback from the workshop participants was positive and
encouraging. All users found it easy to navigate within the MARS FS application. During the debriefing session interesting questions and discussions
arose regarding the implemented land use and transport interactions of
MARS.
The causes-tree tool was found to be extremely useful to understand
some of the behaviour of the model output, which was not anticipated at
first. In that way, it increased the understanding of the complex interactions
between land use and transport system over time.
The possibility for the participants to work interactively with the LUTImodel and test the outcome of single policy instruments provided them with
knowledge about the impacts of each instrument individually. The
opportunity to combine these individual instruments to strategies allowed
them to explore synergetic effects of combining different instruments.
Furthermore it was appreciated that all produced output can be viewed either
as graph or as a table and that it is possible to export all information to other
software packages to carry out more detailed investigations.
A minor point of criticism was the chosen list of pre-prepared indicators
depicted in the graphs. Although there is a feature implemented, which
enables the user to generate a graph or a table of every individual variable,
users preferred to have a fuller set of pre-prepared graphs to click through.
This will be improved before our next set of workshops held in Vietnam in
March 2006.

6.

CONCLUSION

Summing up, the MARS model is a land use transport interaction model,
which can be used by experts to explore the interactions between these two
systems. The modular and open structure allows adding on additional parts
to the MARS model easily.
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The MARS FS, as a graphical user interface, was assessed to be useful
for easy access to the MARS model. The feedback from users at the
workshops proved that the combination of the MARS model and the MARS
FS is a useful tool to support the decision making process and encourages us
to improve the software in future.
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