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ABSTRACT

The paper describes the general design of the ATiA&lel which is currently under
development. The ATLAS model is a land use/transpardel. Its strength is that it allows
taking into account the interaction between transpmd land use, such that the mutual
influencing of changes in the transport systema@rahges in land use can be incorporated in
the development of long term outlooks. Its aimoiptovide policy support in the domain of
spatial planning, transport policy and environmémp@alicy, by simulating the impacts of
exogenous evolutions and policy measures in longcenarios.
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INTRODUCTION

Our transport system poses considerable challeimgesrms of congestion, environmental
impacts, traffic safety and energy security (Eussp€ommission, 2011). Hence, the growing
interest in the long run development of transportprder to get an insight in the further
development of these challenges and in the potestiatribution of policies to mitigate or
solve them. Given the long-term horizon, it is ealicot to consider the transport system in
isolation. In this paper we focus on the interatsit®oetween land use and transport. These
interactions are bi-directional (see, e.g. Hurdlgt2005; Wegener & Furst, 1999). On the one
hand, the location choice of people and econontiwiaes is one of the many determinants
of transport demand. The fact that activities ae®ggaphically distributed gives rise to
transport needs. On the other hand, the charaateriand performance of the transport

! The research reported in this paper was co-funded by a MIRA O&O project of the Flemish
Environmental Agency (VMM). We thank the Flemish Traffic Centre for providing us data on the
transport system in Flanders and Brussels. We are also grateful to Jeremy Raw, the developer of
TravelR, for his support in the application of the software and to Caroline De Geest of VMM for her
constructive comments during the MIRA O&O project.
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system affect the development of land use. Transpmressibility fundamentally influences
the location decisions by firms and households| estate development, land prices, and
density. In addition, the transport infrastructamed transport flows may also have other
spatial effects (e.g., environmental) that may whetee the attractiveness of a particular
location.

In order to study these aspects, VITO is currentéveloping the ATLAS (Assessing
Transport and Land use Scenarios) model. The me@d@ined to function at the system level
and to provide input for setting up coordinatedigyolmeasures in three policy domains
(transport, land use and environment), using langscenario exercises. The current version
is applied to two Belgian regions, Flanders andsBels.

This paper first describes the general design ef AMLAS model, which consists of two
parts: a spatial dynamic land use model and apgoahsnodel. The model is designed so that
both parts can be used as stand-alone models an astegrated model. In the integrated
version, the transport model is embedded in, and talled by the land use model. In that
case, a number of modules in the stand-alone veddithe land use model are (de)activated.
The aim of the model is to assess the impact diajldemographic and economic trends on
the transport flows (and the associated emissiodseaergy consumption) and land use. In
addition, it can be used to evaluate the effectgpatial policy and various forms of transport
or environmental policies (pricing, regulation ainfrastructure). In our concluding section
we highlight some of the further model developmehéd are planned for the future.

THE ATLAS MODEL

The ATLAS model consists of two integrated partspatial dynamic land use model and a
transport model (Figure 1). Both parts are presebiefly in the next paragraphs.

Spatial dynamic land use model

The spatial dynamic land use model is based oriLizned use model Flanders/RuimteModel
Vlaanderen” (Engelen et al., 2011). It is a higbotation spatial simulation model and has
been used in the past to assess the impact ofaftf@olicies on future land use. It combines
the effects of exogenous socio-economic developsnamd of existing and planned policies
(spatial planning and transport policy) in the ehtof scenarios for possible developments
in Flanders, Belgium, Europe or the rest of the levoin addition, it evaluates the policy
choices in terms of social, economic and envirortalecriteria by spatially explicit
sustainability indicators. The model comprises ehiaterdependent levels: the global,
regional and local level.
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Figure 1 — The structure of the ATLAS model

The global level

The global module takes into account different acies for the growth (positive or negative)

of the population and the number of persons emgloyeaggregate economic sectors. The
model considers 12 sectors: (1) agriculture, hgntifisheries and aquaculture, (2) light
industry, (3) heavy industry, (4) waste, waste watanking water and water distribution, (5)

mining, (6) energy, (7) wholesale businesses aadsport, (8) retail trade and catering
industry, (9) offices and administration, (10) Hhleatare, government and other public
services, (11) sea harbours, (12) other industraahymercial or residential activities.

The regional level

The regional module allocates the projected pojurlatnd employment to the various
NUTS3 zones. The growth in the residential and eooa sectors is the basis for the demand
for land by type of land use in each NUTS3 zoneth#d level the following steps are taken:

a. A standard interaction based model assigns dipelgtion and activities to the NUTS 3
zones. Each zone competes with others on the béglse relative transport location, the
employment, the size of the population and the tgpé size of the existing activities. An
important element in this calculation is the aci®lty to the transport network of each
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NUTS3 zone. In addition, the regional attractivenés an activity is determined by three
aggregate indicators that are determined at thel level: the supply of land in terms of its
physical suitability, its policy status and its lggd accessibility (see below).

b. A density model translates the population aedatttivity per sector into a demand for land.

This is communicated to the local level for a dethiassignment. The determination of the
density and the assignment of land are governeithdoyprinciple of supply and demand. For

natural, agricultural and recreational land usedémand for land is set as a hard constraint,
to reflect the fact that in these cases policyaathan spatial competition is the determining

factor for the assignment of land to the NUTS3 sone

Alternatively, the regional module can also takeoiraccount exogenous assumptions
regarding the demographic or economic evolutio@&NUTS3 zones.

The local level

The local module assigns the growth in each NUT@&@® 20 individual cells of 1 ha. 35 land
use types are represented in total. Apart frompgbpulation (1 category) and economic
activities (12 categories), these consist of 1Lingt 5 agricultural and 6 other types of land
use that are considered to be static such as wateks and infrastructure.

The size of the population and the employment affez local module through the amount of
land they require. In each NUTS3 zone a cellulaomaton determines the resulting land use
for each individual cell on the basis of the spaiteractions with the land use in the
immediate neighbourhood, given constraints in teofmmstitutional, physical and transport
characteristics. The allocation takes into accaimet neighbourhood effect (the distance
dependent attraction/repulsion between the land inse cell and the land uses in
neighbouring cells in a circular area with a radmfs 800 meters). In addition, other
determining factors include the suitability of tbell for each activity, policies and the sector
specific accessibility. The sector specific acdabgi depends on the available transport
infrastructure and takes into account the impogahat each sector attaches to specific types
of infrastructure and the distance of its locatiorthat infrastructure. The development of a
market price is not modelled explicitly, but is appmated implicitly by the interaction
between the factors that are mentioned above. IfFinatcount is taken of accessibility
indicators that are determined in the transportehod

A feedback exists between, on the one hand, thagehan the land use patterns and the
guality of the remaining search space at the lsadl and, on the other hand, the evolutions
at the regional level, because this will deterntime attractiveness of the NUTS3 zones and
therefore the location of people and activities.

13" WCTR, July 15-18, 2013 — Rio, Brazil

4



A Land Use/Transport Model for Long Run Scenarios for Passenger Transport in Belgium
FRANCKX, Laurent; MAYERES, Inge

Transport model

The transport model is an aggregated model forepges transport in Flanders and Brussels.
The model operates at the level of 6744 trafficemyrwhich are an aggregate of the cells in
the land use model. In each year it starts fronmldbation of the population and jobs and the
characteristics of the traffic zones, as definethenland use model. It takes the evolution of
the vehicle fleet along as an exogenous factore®as these inputs it determines: (i) the
number of trips for three trip purposes: commutiaghool and “other purposes”, (i) the
origin and destination of the trips; (iii) the mddadnoice and timing (iv) the route between
each origin and destination; (v) the emissions energy consumption associated with the
transport flows. The model also determines acciisgilmdicators, which will co-determine
the land use.

The transport model is written in4RC++ and bash. The ATLAS model makes use of sévera
standard R-packagésas well as of the TravelR package, which is #tilthe “prototype”
stage and which was tested extensively with reg iethe ATLAS modél

Transport generation and trip distribution

The transport generation module determines the erumbtrips leaving from or arriving in
the traffic zones. The model starts from the pajpataand employment per traffic zone,
aggregating the cells of the land use model. Thpuladion is divided further in age
categories (0-17, 18-64, 65+) and socio-econonaitust((self)employed, student, inactive).
Starting from information for the base year andeandgraphic and economic outlook for
future years, the module performs two IPF-proceslifierative proportional fitting”). The
first is applied to each NUTS3 zone and determioegach traffic zone in the NUTS3 zones
the population per age class and the number oeatadusing a fixed share of students in
each age class). The second IPF procedure deterthieesocio-economic status for the age
class 18-64. The results for the employment pdfidraone and the population per traffic
zone, age class and socio-economic status ararbiiplied by a trip rate per trip purpose.
The trip rate can be influenced by the evolutionthe generalised transport costs and the
GDP per capita.

The trip distribution module follows the standar@éthodology to determine the origin and
destination of the different trips (Ortuzar & Withsen, 2011).

Modal and time choice

The modal and time choice module determines theairexttl time choice for a given number

of trips. For the resulting transport flows it alsalculates the net tax revenues and the total
transport costs. The choice model is defined p&ezmair and purpose. The choice of the
transport modes and travel periods is such thagéineralised cost to make the given number

2 http://www.r-project.org/
3 Available via http://cran.r-project.org/.
* https://r-forge.r-project.org/projects/travelr/
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of trips is minimised. The “production technolodgt these trips is given by a nested MCES
function (modified constant elasticity of substibuf) whose structure is presented in Figure 2.
The model incorporates six transport modes: caredricar passenger, bus/tram/metro, rail,
walking and cycling.

Trips
(per purpose &
zone-pair)

Off-peak
Peak
1
1 1
. Evening
Morning
Car/train Bicycle/walking /Bus
-tram-metro
1 1
1 | 1 1
Car Train Bicycle/walking Bus-tram-metro
Car passenger Car driver Bicycle Walking

Figure 2 — The structure of the nested MCES function for modal and time choice

For each levek (k=0,...K) in the nested MCES function the components atnthéd level
(k+1) are chosen such that the production costs aremmed given the MCES production
technology:

Min C; = Peus %o,
ia

Oy

1 (i) |(ok,i-D)
st. Xk,i = q)k,i Z(akﬂ,j)a(xkﬂ,j) Ok,

idi
X; iIs component at levelk. C,;is the cost of componenat levelk and consists of the input

costs of the componentst the next levelktl) that are related to componeérat levelk. ji
indicates that the set of componenjs ; is related tox,; . p,., ;is the unit price of component

X.1j - The costC, ; is minimised subject to the constraint thatis produced according to an
MCES function. In this functio®,;is a constant that defines the measuring umjt,;is a
weighting factor.g, ; is the substitution elasticity and gives the sangitof the ratio of two

underlying components at levetl w.r.t. the ratio of the input costs of those conmgnts.
Solving the minimisation problem leads to the faliog demand functions:
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Ok
— Xk,i pk,i
Xy, = q)_akm[ D
K,i k+1, j

p,; is a price index and is defined as follows:
1
., (-0y;)
Pei :{zakﬂ,j(pkﬂ,j)(l ’)}
idi
The cost of componeiiat levelk is then given by:
Cii = % Pi; Py

Transport demand depends on the generalised cosh whuals the sum of the monetary and
time costs. For road transport and the public prarts modes the generalised cost is
determined by means of the assignment module opté@ous model year (see below). For
car passengers, cyclists and pedestrians onlydasis are taken into account.

The MCES functions are calibrated (for each zong, paode and purpose), using the

observed OD matrix and calculated costs (see furtbethe base year such that the transport
demand elasticities with respect to the generalsests are in line with values from the

literature. The parameters of the functions aremssl to remain stable over time. For zone
pairs with zero trips in the base year and non-zgps in the simulation years, a default

MCES function is used that is calibrated on thashatthe total number of trips in the base

year.

Assignment

The assignment module assigns the trips betweerotie pairs to the transport network. For
each zone pair and transport mode it determinedigt@ance, the travel time and the toll that
has to be paid (when relevant). The methodologyishased depends on the transport mode.

For thenon-motorised modes (walking and cycling) it is assumed that there igmeraction
with the other modes on the network, which meansdhsatraction is made of their potential
contribution to congestion. In this case the ratlteice is determined using the shortest path
algorithm.

For cars and bus/tram the model does take into account congestion amaileées a Wardrop
equilibrium. In such an equilibrium no vehicle clamwer its total costs by changing routes.
Road traffic is divided into two assignment clasges's and bus/tram). The cost function
takes into account the monetary costs that areoptiopal to distance travelled, the toll that
has to be paid and the time costs. The value & tiha weighted average of the value of time
for the different trip purposes.

For the car passenger mode we assume that theisth@osts are borne entirely by the car
drivers. For some cases (for example, parentsrdyitheir children to school) this is more
realistic than in others (e.g., organised car @ystem). We also assume that the travel time
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between the zone pairs equals that of car drivdrs.car drivers are therefore assumed not to
lose time when picking up their passengers. Agis, assumption will be more realistic in
some cases than in others.

An Akgelik function is used to model the relatiortiveeen transport flows and travel times on
each link.

For bus/tram the routes set by the public transpmmpanies determine the congestion on the
network, while the cost for the public transport asgepends on the routes and connections
they take.

Due to time constraints the ATLAS model however userore simplified approach. Each
public transport user is taken to minimise hisfpeneralised transport costs which consist of
time costs and (fixed) ticket cost. We assume thatroutes taken by the public transport
companies correspond with the routes that minitiseuser costs. It is assumed that the time
needed for a bus or tram to traverse a link ortrdmesportation network is proportional to the
time taken by a private car, up to a stochastip@ronality factor which reflects to time
needed for alighting and boarding. This correspowds a public transport system that
adjusts itself perfectly to the choices of the ¢lkers.

Taking into account the small share of public tpams vehicles in total traffic, we think that
the misrepresentation of the effect on network cetige is relatively limited (except maybe
in some dense urban area or close to interchanblesyever, this approach overlooks the
financial implications for the public transport cpamies of this extreme adjustment to
demand and does not take into account that pulaitsport routes are often determined by
political constraints.

Improving this approach would entail modelling rouf®ice by passengers that take into
account the existing public transport network. Tiegs is one of the priority future
development paths of the ATLAS model.

For rail transport we assume that the distance in equilibrium eques af passenger cars
multiplied by a stochastic proportionality factsuch that the average distance equals that of
a car. The model imposes an exogenous train spegdissumes that each trip requires a
fixed travel time to and from the station. The mager flows on the train network do not
affect congestion on the road network.

An alternative would be to assign each traffic zame trailway station and to calculate the
shortest route between the stations via the ravort This will be explored later.

In the current version of the ATLAS model therens feedback between the assignment
module and the modal and time choice module. Sm équilibrium the generalised costs
between a zone pair for a particular mode are higtaer in the previous model year, this will
not affect the modal and time choice in the cursesatr. It will however have an impact in the
next model year. This approach is due to the langputing time required for the assignment
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module. It is not a priori clear how unrealisticstl@assumption is. The alternative approach
with a perfect convergence between modal and tinséceton the one hand and assignment
on the other hand probably also lacks realism lsyraghg a high degree of rationality. We

think it is not unreasonable to assume that theaioloice is more stable in the short run
than the exact route that is taken. However, in &utwersions of the model we hope to

explore this further.

Environmental module

The environmental module computes the total enasgyand the emissions of air pollutants
and greenhouse gases. A distinction is made betwgbaust, non-exhaust and indirect
emissions. The last category is caused by the ptimauand transport of energy, while non-
exhaust emissions are related to the abrasionre$,tyrakes, etc. The model includes the
following pollutants: carbon monoxide (CO), nitrogexides (NQ), particulate matter (PM),
non-methane volatile organic compounds (NMVOCSs) sulghur dioxide (Sg). In addition,
three greenhouse gases are modelled: carbon dif@@g, methane (Ck) and nitrous oxide
(N20). The model calculates not only the total emissiout also the emissions per link of the
transport network. In a later stage this would allmvcouple the model with air quality
models. The model could also be expanded to indbdeemissions of water pollutants by
transport.

Data of the transport model

For the base year (2008) the transport model iesdwo data that were provided by the
Flemish Traffic Centre. The data cover 6744 traflanes in Flanders and Brussels. They
include the definition of the traffic zones and tietwork, socio-demographic data, origin-

destination matrices for passenger transport lpygurpose (commuting, school, shopping,
recreation/social visits, other) for four 4 contgis periods of the day and origin-destination
matrices for passenger transport by trip purposeraode for 2 hours of the day (morning

and evening peak).

The data were supplemented by information from werisources on the monetary costs of
transport. In addition, the HEATCO project (2006)vser as a source for the value of travel
time and the E-Motion model provided us with engissiactors and fuel consumption factors
(de Vlieger et al., 2011, 2012a,b,c).

At this stage of the model development some daastll missing. As a consequence, some
aspects could not yet be incorporated in the ptesasion of the model. More particularly,
land use in zones outside of Flanders and Brussalssport to and from these zones and
freight transport flows on the road network are yeitincluded. This implies that simulations
carried out with the current version of the modedudtl still be seen as a test of the model
prototype, rather than as fully-fledged scenariereises. A next step in the model
development will consist of incorporating the mmgselements.
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The interaction between the spatial dynamic land use model and the transport
model

In their survey of land use/transport models, Hundle(2005) make a distinction between
frameworks that are fully integrated and those #natconnected. In the first case, the origin-
destination linkages are determined within the lasd part of the modelling system. In the
connected approach, the transport side determimeesrigin destination choice. Such models
implicitly assume that the choice of the home lacais a long term decision in which the
accessibility of jobs is only one of numerous deiamg elements. The ATLAS model
follows the second approach.

In the ATLAS model there is a two-way interactionviaeen the land use and transport model.
First of all, the land use model determines in egedr the population and employment per
traffic zone. Starting from these results, the $poort model calculates the transport flows, the
generalised costs and accessibility indicators tilitbe used as an input in the land use
model in the next year.

Geurs (2006) proposes to define accessibility agxbent to which land use and the transport
system offer the possibility to individuals to rbaactivities or destinations by using transport
modes. He puts forward a classification of accestsitaidicators:

* Infrastructure based indicators: e.g., the avetagee!l time or the congestion level;
such indicators do not take into account the adta#ic flows at a given moment.

* Location based indicators: e.g., the number of jiilad can be reached within 30
minutes, or the weighted average of the accesgbt with the weight depending on
the distance; a problem is that these indicatorsafotake into account transport
volumes and costs.

* Person based indicators: this refers to the aetsvih which a person can participate at
a given moment; it comes close to the conceptutitien given above, but can be
implemented only with state-of-the-art activity-bedgransport models.

» Utility based indicators: these indicators measheesltenefits that people derive from
their access to spatially distributed activitiehie$e measures are most common in
integrated land use-transport models.

Apart from location based indicators, the ATLAS rabdlso bases itself on de Palma et al.
(2005) for its definition of accessibility indicatb For each transport zone the model
calculates accessibility from two points of view: aspoint of origin and as a point of
destination. The accessibility of an origin(/destion) zone is calculated as the weighted
average of the number of individuals that leavenffarrive in) that zone, where the weight is
calculated as the benefit that each traveller éerfrtom his/her trip. The benefits from a trip
are calculated using the transport model. In th&AS model the benefits are set equal to the
generalised costs: a trip will be made only if Hemefits are at least as high as the costs. In
this case the indicator is therefore a lower linfith@ real benefits.
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Type of scenario exercises

The ATLAS model is set up to perform different tgpaf scenario exercises. First of all, it
can calculate the impact of general evolutionsrangport flows (and the related emissions
and energy use) and land use. These general szemariude the general demographic and
economic evolutions, the evolution of the monetaaypsport costs before taxes/subsidies, the
composition of the car stock and the emission anailgyy consumption factors of the vehicles.
All of these evolutions are considered to be exogsno the model, in the sense that they are
assumed not to be influenced by land use or trahgpticies.

Secondly, the ATLAS model can simulate the effdclaad use, transport or environmental
policies.

The land use policies can be introduced both atregenal and local level of the land use
model. At the regional level an upper or lower linin be imposed for the different
activities. One can also impose certain densiteshe transformation of population/activities
into land use demand, instead of delegating therdgnation of these densities to the land
use model. At the local level of the land use matetial planning determines the policy
status of the individual cells of 1 ha.

The transport policies include changes in priciregulation and infrastructure. Regulation
may consist of emission regulation or fuel consuomptstandards. These will affect the
characteristics of the vehicle stock (compositemjssion factors, fuel consumption) and the
monetary transport costs. Pricing measures coasisgte reform of transport taxes/subsidies
(which are negative taxes). These include the fiteegts on car purchase and ownership,
variable car taxes, public transport taxes andstaxe non-motorised modes. It should be
noted that the impact of changes in vehicle tarabio the composition of the vehicle stock is
not modelled in the ATLAS model and needs to bevddrfrom other models. Finally,
transport infrastructure measures concern the aip@anor downsizing of existing
infrastructure or the provision of new infrastruetur

The environmental policies that can be simulatetth Wie ATLAS model are related to land
use and transport. In the case of land use it coadbe determination of the policy status of
the land cells in order to reach certain environtalewsbjectives. For transport these consist of
e.g. regulation of emissions and energy use, tlangtion of certain vehicle types or
infrastructure measures aiming to defragment nbaueas.

CONCLUDING REMARKS

At this moment the ATLAS model is still under deMenent. Therefore no simulations can
yet be presented. The strength of the modelling isothat it allows taking into account the
interaction between transport and land use, su¢hthkamutual influencing of changes in the
transport system and changes in land use can bgpmrated in the development of long term
outlooks. The model is set up for the assessmetheofmpact of global demographic and
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economic trends on the transport flows (and theo@ated emissions and energy
consumption) and land use. In addition, it can $&duo evaluate the effects of spatial policy
and various forms of transport policies (pricinggulation and infrastructure). Future
developments include, apart from adding missing,datmore realistic modelling of public
transport and the introduction of an iterative gsscbetween modal & time choice on the one
hand and assignment on the other hand.
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