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ABSTRACT  Various alternative frameworks are available for modelling urban land-use—
transport interaction. This paper provides a detailed review of six of these frameworks that
have been or are currently being used to develop operational models. The intention is to
indicate what is the general nature of the current state of practice and what is now avail-
able for practical modelling work in the area. The intention is also to compare the current
state of practice with what might be the ideal in various respects. The six frameworks
reviewed (ITLUP, MEPLAN, TRANUS, MUSSA, NYMTC-LUM and UrbanSim) are
considered in terms of their representations of physical systems, decision-makers and
processes, along with various more general modelling and implementation issues. None
matches the ideal as envisaged here in all respects. However, a wide range of policy consid-
erations can be handled explicitly with what is available, and more recent developments
show an encouraging trend towards expansion in the scope of what can be considered.
Further strengthening of the behavioural basis and relaxation of some of the more restric-
tive assumptions would appear to be both appropriate and likely in the future.

Introduction

The purpose of this paper is to review a representative range of operational,
comprehensive, integrated, urban land-use-transport modelling frameworks
both as a guide for practitioners to the current state of practice and as a bench-
mark against which researchers might assess research needs for improving the
integrated urban modelling state of the art. Keywords in this statement of the
paper’s purpose include: ‘operational’ (the model must be used in one or more
practical urban planning applications), ‘comprehensive’ (the model must include
a—reasonably—complete range of spatial processes, notably land development,
location choices by both households and businesses, and travel), and ‘integrated’
(meaning that feedback exists between the transport and urban activity systems,
so that the short- and long-run interactions between transport network perfor-
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mance and land development/location choice behaviour are captured appropri-
ately within the model). Implicit in stressing the operational nature of these
models is the assumption that these models must be useful in assessing the
impacts over time of a range of transport and land-use policies on both transport
system performance/travel demand and the spatial, economic and environmen-
tal evolution of the urban region being analysed.

Finally, a fundamental assumption in constructing this review is that urban
spatial processes play out within markets (for land, floor space, travel, goods and
services, etc.), within which production/consumption (supply/demand)
processes interact to determine system outcomes. In particular, these market
interactions both determine the prices at which goods/services are exchanged and
are, in turn, influenced by these prices. Thus, the ability of a model to capture
market demand-supply interactions and to determine market prices endoge-
nously is viewed as an issue of fundamental importance in assessing a given
model’s capabilities.

This review has four sections (excluding this brief introduction). The next
section defines the set of six models to be reviewed and the rationale underlying
their selection. This is followed by a relatively brief introduction to each model in
turn. The six models are then compared in detail with another with respect to a
range of criteria. Finally, the models are evaluated against a hypothetical ‘bench-
mark’ or ‘ultimate’ model. While this ultimate model obviously reflects the
authors” own views on how integrated urban models should evolve, it is hoped it
provides a useful starting point for considering the strengths and weaknesses of
current models and for defining promising directions for further research and
development in this area.

Detailed descriptions of the mathematical formulation of each model are
beyond the scope of this review and are available from the cited material included
with each introduction.

Modelling Frameworks Selected

A reasonable number of urban land-use-transport-modelling frameworks
currently exist, in varying degrees of completeness and usability. Wegener (1994)
identifies 20 active urban modelling centres, 12 of which have produced models
used for actual research and/or policy analysis. Southworth (1995) identifies a
further three frameworks.

The intent of the present paper is to build on the reviews of Wegener and South-
worth by focusing on a limited number of representative models and by assessing
these models in greater detail than is possible in a more typical, more broadly
defined review. Six such frameworks for urban modelling are considered:

o ITLUP (also often referred to as DRAM/EMPAL).
« MEPLAN.

« TRANUS.

« MUSSA.

o NYMTC-LUM.

o UrbanSim.!

The six frameworks fall into two main categories. The first three are operational,
commercially available “packages’ with an established history of use. In particular,
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ITLUP (DRAM/EMPAL) is the most widely used urban modelling package used
in the USA, while MEPLAN and TRANUS have been extensively applied in
Europe and South America (with more limited application in North America).
Thus, for many agencies, these packages collectively define current operational
practice.

The second group of three (MUSSA, NYMTC-LUM, UrbanSim) are also
currently operational, or very close to being operational, in one or more practical
settings. Each is also noteworthy in that it contains a significant and interesting
approach to land market representation, incorporating an explicit treatment of
prices in land use and development.

A range of other urban modelling frameworks exists. Noteworthy examples
include microsimulation models (Wegener, 1982a; Miller et al., 1987, Mackett,
1990; Oskamp, 1997; Miller and Salvini, 1998); optimization models (Brotchie
et al., 1980; Dickey and Leiner, 1983; Kim, 1989; Caindec and Prastacos, 1995); land
accounting-type models (Landis, 1994); and other European, Japanese and
Australian models (Wegener 1982a, b; Mackett, 1983, 1985; Nakamura ef al., 1983;
Anderstig and Mattsson, 1991; Gu et al., 1992; Eliasson and Mattsson, 1997). While
each modelling framework is of potential interest in one or more ways, they are
not included here for a variety of reasons. The authors view microsimulation
models as an extremely promising approach to large-scale modelling, but they are
not yet in operational practice. Optimization models are useful for exploring what
optimal urban configurations might look like (among perhaps other uses), but are
generally not of direct use in the assessment of the impacts of transport and land-
use policies on the evolution of existing urban areas. Land-accounting models are
in widespread use but do not generally include land-use-transport interactions
(indeed, the transport sector is typically absent from such models), and so these
models are neither integrated nor comprehensive in their design. Finally, many of
the other models listed above (and/or reviewed by Wegener) are either not
comprehensive (many are housing market models, but do not deal with the full
set of urban land uses and land development processes), not fully operational (i.e.
more research tools than working models) and/or bring little new to the discus-
sion relative to the models selected for review in this paper.

Thus, the six models listed above are selected for detailed review because they
provide a good representation of the range of approaches used in current opera-
tional practice for comprehensive, integrated urban modelling, where the intent is
to simulate/predict the evolution over time of urban systems (and various
elements within these systems) for land-use-transport policy analysis purposes.

General Descriptions

General descriptions of the six frameworks are given below.

Integrated Transportation and Land Use Package (ITLUP)

The ITLUP framework has been developed and applied by Professor Stephen
Putman at the University of Pennsylvania, Philadelphia, USA, over 25 years. It
includes a number of sub-models, the best known of which are DRAM (Disaggre-
gate Residential Allocation Model) and EMPAL (Employment Allocation Model).
It uses a Lowry-derivative form (Lowry, 1964) to allocate households (usually by
four income categories, though further categorizations are possible), employment
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(usually by four types, though more detailed Standard Industrial Classification
(SIC) groupings are possible) and travel patterns (public and private modes).
Exogenous study area forecasts of employment, population and trips, activity
rates and household types are inputs. Detailed documentation of the model is
provided by Putman (1983, 1991, 1994), with useful summary descriptions also
available (Webster et al., 1988; Wegener, 1994; Southworth, 1995; Putman, 1996).
Notable features of ITLUP are as follows:

o ITLUP (more specifically, DRAM and EMPAL) is the most widely used spatial
allocation framework in the USA today. A recent count indicates over a dozen
active US applications (Putman, 1997), although over 40 calibrations have been
performed across the USA and elsewhere.

o It contains a multinomial logit modal split sub-model, as well as a trip assign-
ment sub-model that can support various network assignment algorithms. Trip
generation and distribution are developed within DRAM, simultaneously with
household location. However, DRAM and EMPAL often are used separately
and have been linked in actual applications with other commercial travel
demand forecasting models (including EMME/2, TRANPLAN and UTPS).
Thus, considerable detailing of travel demand and travel costs can be provided
through exogenous links.

o Compared with other frameworks, it has relatively parsimonious data require-
ments. Southworth (1995) notes that an important advantage of DRAM/
EMPAL is its basis in generally available data (i.e. related to population, house-
holds and employment). However, it is also noted that this reflects a weakness
of the approach; namely, that the framework does not account for land market
clearing processes (or, it follows, other market clearing processes).

o A recent development is METROPILUS, which is aimed at improving linkages
with geographic information system (GIS) databases and in revising the frame-
work towards greater system modularity. It operates within an ArcView shell,
which supports linkages with an ArcView GIS database, and is Windows
compatible (Putman, 1997).

MEPLAN

The MEPLAN framework is contained in proprietary software developed by
Marcial Echenique and Partners Ltd in the UK, a private consulting firm. It draws
on 25 years of experience in practical integrated urban modelling, with work on
the software package itself beginning in 1985. It has been applied to over 25
regions throughout the world, including Sacramento, California and the Cross-
Cascades Corridor in the US. Detailed documentation can be found in various
sources (Echenique et al., 1969, 1990; Echenique and Williams, 1980; Echenique,
1985; Hunt and Echenique, 1993; Hunt and Simmonds, 1993; Hunt, 1994).
MEPLAN is an aggregate model: space is divided into zones, quantities of
households and economic activities (called ‘factors’ or ‘sectors’) are allocated to
these zones, and flows of interactions among these factors in different zones give
rise to flows of transport demand. The heart of the framework is a spatially disag-
gregated input-output matrix, or social accounting matrix, extended to include
variable technical coefficients, labour sectors and space sectors. All economic
activities, including households, are treated as producing and consuming activi-
ties, with consumption patterns expressed using technical coefficients. Spatial
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disaggregation is accomplished by having the further production arising to
satisfy consumption allocated among the spatial zones according to discrete
choice models reacting to the prices for such production. The resulting interac-
tions among zones gives rise to the demand for travel.

Temporal change is simulated by considering sequential points in time. Space
(both land and floor space) is ‘non-transportable” and must be consumed in the
zone where it is produced. The supply of space in each zone is fixed at a given
point in time. The technical coefficients for the consumption of space are elastic
with respect to price, and prices for space that ensure demand equates with
supply in each zone are established endogenously as part of an equilibrium solu-
tion established for each point in time considered. Prices for the outputs of other
sectors are established endogenously running back along the chains of produc-
tion—-consumption. Travel demands arising for a given point in time are allocated
to a multimodal network using logit functions representing mode and route
choice, taking account of congestion. Transport disutilities feed back into the next
time period, representing lags in response to transport conditions. Exogenous
demand, which is analogous to the ‘Lowry”’ (1964) basic sector, provides the initial
impetus for economic activity. Changes in study-wide exogenous demand and in
the quantity of space in each zone from one time period to the next fuel economic
change, with these changes allocated among zones.

Modelo de Uso de Suelo de SAntiago (MUSSA)

MUSSA is an operational model of urban land and floor space markets developed
by Professor Francisco Martinez for Santiago, Chile. It is ‘fully connected” with a
thorough four-stage model (known as ESTRAUS); together, the combined models
are referred to as 5-LUT, and provide equilibrated forecasts of land use and travel
demand for Santiago. The model has been used to examine various transportation
and/or land-use policies, usually involving transit as a central component of the
policy. Documentation of the model is provided by Martinez (1992a, b, 1996, 1997,
2000) and Martinez and Donoso (1995). Notable features of MUSSA include the
following:

o Consistently based throughout on an extremely rigorous and compelling
application of microeconomic theory.

o Equilibrium model of building stock supply and demand. Demand for build-
ing stock (whether by households or firms) is based on their willingness to pay
(WP). Buyers attempt to maximize their surplus (WP less price actually paid),
while sellers attempt to maximize the price paid. Building stock is supplied by
developers so as to maximize profits, given the apparent demand. Building
stock prices are endogenously determined within the equilibration process.

 Solves for a static equilibrium in the forecast year by adjusting the amount of
building stock supplied, a supply response, and consumers’ expectation levels
(expected utility to be obtained from their housing), a demand response, until
demand and supply balance. The model end state is path independent and
does not require solution for intermediate year results, although such interme-
diate results can also be generated.

o Uses traffic analysis zones as its spatial unit of analysis, thereby providing a
relatively fine level of spatial disaggregation. In addition, extensions to more
micro-levels of spatial analysis are being investigated (Martinez, 1997).
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« Highly disaggregated relative to most other currently operational models. The
Santiago implementation has 65 household types and could be run using a
large weighted sample of observed households (and their associated detailed
attributes) in essentially a ‘static microsimulation” format.

« Extensions are being investigated to incorporate zone-level environmental
impact (emissions) calculations into the modelling system (O’Ryan et al., 1996).

NYMTC-LUM

The NYMTC-LUM framework has been developed by Professor Alex Anas on
behalf of New York Metropolitan Transit Commission (MTC), New York, USA
(Anas, 1998). It is a simplified version of METROPOLIS, and the most recent of a
series of land use and housing market models developed by Anas over the last
two decades (Anas, 1982, 1992, 1994, 1995; Anas and Arnott, 1993, 1994; Anas and
Brown, 1985). Notable features of NYMTC-LUM include the following:

« Consistently based throughout on microeconomic theory.

« Simultaneously models the interactions between residential housing, commer-
cial floor space, labour and non-work travel markets, with explicit representa-
tions of demand and supply processes in each case.

« Housing prices, floor space rents and workers” wages are all endogenously
determined within the model and are used to mediate between demand and
supply processes within their relevant markets.

o Solves for a static equilibrium in the forecast year by finding the prices and
wages that cause demand and supply in the markets being modelled to
balance. The model end state is path independent and does not require solu-
tion for intermediate year results.

o Uses traffic analysis zones as its spatial unit of analysis (up to 3500 zones in the
New York application), thereby providing a very fine level of spatial disaggre-
gation relative to many other current models.

o Inits current state of implementation, the model does not contain much disag-
gregation of its main behavioural units (households, employment, buildings).

o Inits current implementation, the land-use component is not integrated with a
travel demand model. Rather, itis ‘connected’ to the existing MTC travel demand
model in terms of receiving as inputs model utilities from the MTC mode choice
model. This is similar to the case for DRAM/EMPAL, MUSSA and UrbanSim.

Features of the model that facilitate its application by a transit property include:
use of small traffic zones as the spatial unit of analysis; access to detailed transit
network representations and mode choice models in the MTC travel demand
model; and the microeconomic structure of the model that permits a range of
economic evaluation measures to be computed (property values, consumers’
surplus, producers’ surplus, etc.). Earlier models have similarly been applied to
the evaluation of the impacts of the proposed South Corridor rapid transit line in
Chicago, Illinois (Anas and Duann, 1986), and the assessing the impacts of a range
of road and transit service changes in New York (using NYSIM) (Anas, 1998).

TRANUS

The TRANUS package is proprietary software developed by Modelistica in
Venezuela, a private firm run by Dr Tomas de la Barra. It draws on much the
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same modelling experience as MEPLAN, with the elements of the package first
coming together in the early 1980s. A key feature of TRANUS is the use of a
somewhat more restricted set of functional forms and modelling options within
the framework allowing a more set approach to model development relative to
MEPLAN. It has been applied to a number of regions in Central and South
America, and in Europe. TRANUS models of the Sacramento and Baltimore,
Maryland, USA, regions and Oregon have been completed or are under devel-
opment. For detailed documentation, see De la Barra (1982, 1989), De la Barra
et al. (1984) and Modelistica (1995).

UrbanSim

UrbanSim is an operational model of urban land and floor space markets devel-
oped by Professor Paul Waddell for Hawaii, Oregon and Utah, USA. A prototype
has been completed in Eugene-Springfield, Oregon. The model is designed to
work in conjunction with a traditional four-stage model in Eugene-Springfield,
and is being connected to a new activity-based travel model in Honolulu, Hawaii.
Although the initial development of the model was undertaken through the
consulting firm of Urban Analytics, further development and support of the
model is being done at the University of Washington. The model and software
has been placed in the public domain by the Oregon Department of Transporta-
tion, and the University of Washington will support its release and dissemination
through the Internet as part of an NCHRP Project 8-32(3), ‘Integration of Land-
use Planning and Multimodal Transportation Planning’. For documentation of
the model, see Waddell (1998a—c) and Waddell et al. (1998). Access to documenta-
tion and to the model is available at www.urbansim.org.
Notable features of UrbanSim include the following:

o Uses a ‘WP’ framework similar in concept to that used in MUSSA, but differing
in significant aspects such as in not assuming equilibrium.

o Disequilibrium model of building stock supply and demand with annual time
increments. Demand for building stock (whether by households or firms) is
based on their WP, or bid (observed prices paid rather than hypothetical WP,
which is difficult to observe). Buyers attempt to maximize their surplus (WP less
price paid), while sellers attempt to maximize the price paid. Building stock is
supplied by developers so as to maximize profits, given the apparent demand.
Building stock prices are determined within the market clearing process, which
occurs at the submarket level of the traffic analysis zone and property type.

e Model operates as a dynamic disequilibrium in each year, with the supply
component developing and redeveloping individual land parcels on the basis
of expected profits (expected revenue less costs). Expected revenue is based on
prices lagged by one year, and new construction choices are not assumed to be
available for occupancy until the subsequent year. Demand is based on lagged
prices and current supply, and prices are adjusted based on the balance of
demand and supply in each submarket in each year. The model end state is
path dependent and requires a solution for each intermediate year.

o Demand side of the model uses traffic analysis zones as its spatial unit of anal-
ysis (271 zones in the Eugene-Springfield application, 761 in Honolulu, over
1000 in Salt Lake City, Utah), thereby providing a very fine level of spatial
disaggregation relative to many other current models. On the supply side, the
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model uses the individual land parcel as the unit of land development and
redevelopment, making this the only model to date to use the parcel as the
fundamental unit of analysis.

o Model is highly disaggregated relative to most other currently operational
models. The Eugene-Springfield implementation has 111 household types and
could be run using a large weighted sample of observed households (and their
associated detailed attributes) in essentially a static microsimulation format.

o Model is based on the analysis of policy scenarios that include comprehensive
land-use plans, growth management regulations such as urban growth bound-
aries, minimum and maximum densities, mixed-use development, redevelop-
ment, environmental restrictions on development, and development pricing
policies, as well as the range of transportation infrastructure and pricing poli-
cies handled by the linked travel demand models.

Detailed Considerations

In this section, the six selected models are compared in terms of their representa-
tion of the following:

o Physical system being modelled (time, space, building stock, transport
system).

o Decision-makers (actors/agents) whose actions/choices determine the evolu-
tion of this physical system over time.

« Decision processes used by these actors.

To streamline what might otherwise be a very extended discussion, a series of
tables is used to summarize the attributes of each model. These contain a consid-
erable amount of information, much of which is not explicitly discussed in the
main body of the paper.

Table 1 presents some very general facts about the operational history and
availability of each of the six frameworks as packages for implementation. The
extent of operational experience varies dramatically. The packages run on a vari-
ety of platforms, although most are now typically PC based. Most are supported
by (at best) a small consulting group, which typically depends heavily on the
model developer. One exception is MEPLAN, which is supported by a fair-sized
consulting firm.

Table 2 summarizes how the six frameworks deal with the primary physical
entities within urban areas: time, land and developed space (buildings). In this
and subsequent tables, MEPLAN and TRANUS are grouped together due to their
common conceptual structures (with differences between the two models indi-
cated where necessary).

Five of the six are static equilibrium models, which either jump directly to the
end-year equilibrium state or are moved from one equilibrium point to the next in
typically 5-year steps. The exception is UrbanSim, which operates on a 1-year step
and which does not assume equilibrium. While equilibrium is a powerful and
convenient concept for modelling complex systems (since it provides the criteria
needed to solve for a future year system state), the assumption that urban areas
are in a state of equilibrium at any point in time is a very strong one. It is more
likely that urban systems are in a constant state of inertial adaptation, with actors’
decisions being based on both past system states/performance and anticipated
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future conditions. Thus, the UrbanSim approach of dynamically evolving the
urban system over a series of finer time steps in an incremental, adaptive process
possesses considerable intuitive appeal. Relatively little experience exits,
however, in integrated urban modelling (and, indeed, within all of transport
modelling) with disequilibrium-based, dynamic modelling, and more experimen-
tation with models of this sort would appear to be warranted.

All six frameworks are zone based, with the three older models (ITLUP,
MEPLAN, TRANUS) typically being implemented using a very coarse zone
system (e.g. 50-100 zones for very large urban areas). MUSSA and NYMTC-LUM,
on the other hand, operate at the traffic zone level. UrbanSim uses two levels of
spatial detail: the traffic zone level for travel demand calculations, and the indi-
vidual parcel for land supply and demand calculations. The developers of
MUSSA are also experimenting with more micro-scale analysis capabilities, but
these are not operational at the time of writing.

The issue of spatial/demographic aggregation is, of course, important since it
affects: the extent of aggregation bias within the models (in the face of consider-
able heterogeneity within the actors being modelled); the ability of the model to
represent road and transit systems and their usage adequately (very large zones
do not provide an adequate basis for modelling transit system performance and
patronage); data requirements (greater disaggregation obviously implies
increased data needs); and computational effort (more, smaller zones require
greater computational resources to store and process the system state). In four of
the six models, the choice of spatial/demographic aggregation level generally
reflects design tradeoffs among these four issues. In the case of MEPLAN/
TRANUS, however, the spatially disaggregated input-output matrix tends to
impose limitations on the level of disaggregation which can be operationally
achieved, since the technical coefficients in the spatial input—output model
become unrepresentative/unreliable at the small zone level.

Five of the six models explicitly represent developed space in one way or
another. The exception is ITLUP, in which households consume land directly,
with no explicit representation of the built environment being maintained. In the
other models, developed space is represented through some combination of
‘units’ (i.e. housing units are used in MUSSA, NYMTC-LUM and UrbanSim) and
floor space (non-residential developed space is represented by floor space in all
five models, while MEPLAN/TRANUS also use floor space to describe residen-
tial housing as well).

Table 3 considers the representation of the transportation system. All six
frameworks use some form of multimodal transportation network model.
MEPLAN and TRANUS have built-in network modelling capabilities; MUSSA,
NYMTC-LUM and UrbanSim are ‘connected’ to stand-alone four-stage model-
ling systems; and ITLUP can function either way. In addition, at the time of
writing, UrbanSim is being developed to run with an activity-based travel model
in Honolulu.

In all cases, information passed from the network model to the land-use
component takes the form of various composite utility values derived from
random utility theory. These values are so-called ‘log-sum’ or ‘inclusive value’
terms taken from the logit models used in the travel demand model. MEPLAN/
TRANUS are more ‘integrated’ than the others in that composite utilities derived
from mode choice models are input to the land-use model, and the land-use
model simulates the spatial economic flows that are used to determine trip
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origin—destination tables. ITLUP also shares this feature, if run in ‘fully inte-
grated’” a fashion (although in most implementations, the DRAM/EMPAL
components are only used, ‘connected’ to a stand-alone four-stage travel model in
a fashion similar to the other models). The others (MUSSA, NYMTC-LUM,
UrbanSim) use the composite utilities derived from destination choice models,
either explicitly or implicitly, as inputs to the land-use model, and simulate trip
origin—destination tables within the transportation model. In general, the ability
of the integrated model system to analyse transportation policy impacts (on travel
or land use) depends on the quality and capabilities of the four-stage travel
demand model being used, rather than on the integrated modelling system per se.

As indicated above, a ‘fully integrated” model is one in which the origin—desti-
nation trip linkages are determined within the land-use/spatial economic side of
the modelling system. Thus, for example, in TRANUS, place of residence—place of
work linkages are explicitly determined within the housing market model (i.e.
households are allocated to residential locations conditional upon their known
place of work). As a result, no work trip distribution model exists on the transport
side of the modelling system, which only has to deal with work trip generation,
mode choice and route assignment. In a ‘connected” model, on the other hand
(e.g. MUSSA), households are allocated to residential locations based on (among
other factors) inclusive value-type employment accessibility terms, but the actual
place of work for a given household is not determined until a trip distribution
model is run within the transport side of the system.

Both approaches possess strengths and weaknesses. The fully integrated
approach possesses a certain amount of theoretical rigour/elegance. It also
ensures internal consistency between the land-use and transport components of
the modelling system. At the same time, the ‘connected” approach is very practi-
cal, in that it means that an urban area can develop a land-use modelling compo-
nent that can be ‘bolted onto’ an existing travel demand model for the region. In
addition, the connected approach is not without its behavioural rationale. It
implies that residential location processes are relatively long run in nature and
depend upon a variety of factors, accessibility to work being only one. While the
fully integrated approach does not contradict this observation, it might be argued
that the connected approach facilitates more flexible approaches to modelling
residential location choices, perhaps among others.

All six frameworks can include transit explicitly, although the large-area zones
typically used in the older models (ITLUP, MEPLAN, TRANUS) clearly limit the
sensitivity of these models to transit system impacts; also, the internal travel
demand model with ITLUP does not include a transit assignment capability.
MEPLAN and TRANUS are the only frameworks that explicitly model goods
movements. Other modes (such as high-occupancy vehicle/car-pooling and
paratransit) typically are not represented; although, again, this is primarily a
function of the travel demand model used in a particular application.

Table 4 addresses treatment of the four types of actors of interest within an inte-
grated urban model: persons, households, private establishments (firms) and
public authorities. Private establishments are further subdivided into general,
developers and carriers, with the latter two categories being explicitly identified
due to the special roles that they play within the land-use-transport interaction.

None of the frameworks deals explicitly with individual persons, except to the
extent that individual trips are eventually generated on the transportation
networks: all six of the models are household based. An explicit representation of



344 |. D. Hunt et al.

(uononasuod ouoz
((eonpoead ur) porrad mau/ cmn:oﬁmﬁv STe[[Op \wmb\mEOM %M% .
" Y POt N0 Ued jsnf sawmawos JooquIntIELoLsy SOANVEL
(xe3 uogxeo jo1dXe UPe? 105 A[snouafioxa JuawdoraAapay quawfordure (proyasnoy sanqrije
39) saxe; uoneriodsuen ampnns 150 padopaspar SIWIAWOS 0 peay jo oY) 10 suoszad
‘saxe} pappe anfea THINASISOD /padoraaap Ayiqerreae H jo prouy o
, - , e ‘sarxoxd snorrea uoryednddo “‘auodur jo uonyejuasardax
soxe) puey ‘A[ddns pue | uonejussardax 9q 03 2d4y £q aoeds saorxd jo uonouny £ parusserds 9:0) uonezI030e> ordxe o
syy10M39U uorerIodsueny SI0MIPU 1303 :2J0N]) ssadoxd e se padojaaapar 4P d " . } wH N
‘3uruoz ‘pue| padIAIeS a1 [epownnur ay) ur pajuasaidax 10/pue | sassavoxd uononpoid Poyads-1os sproyasnoy £q
syndur £o1j0d snouaS8oxyg urjordwy  |Apordwrsiedopasq  |padopasp sreoedg jo syndjno jordxg paseq-p[oyesnol] |pajerouadsdin-uosiog [NV IITN
sasuodsar 103098
-o17qnd snousBopus oN
(sqol 10309s-ayeatrd
pue orqnd usamiaq
dpew SI uondunsIp
ou ySnoyje) 103098
oriqnd aq [im auoz /sqofl
a1eda133e ayy jo awog auo0z /spioyasnoy
E— o jo aquinu 93e32183y
puey ojqedorpaap S mm.w pasn usaq
UE $1S0D [9ALI] JO SULID) jouot aArY Os[e (3IM3oNas
p [ ? jo1dX0 ON 1 OsT
ur 3deoxa) paIaprsuod - proyasnoy £q
S$109JJ3 UOTjEXE) ON arqissod awoour *3-9) sdnoid
(soprjod pue suonenSar OS[e UOTJONISSE[D NS JaU3ang ysnoyie
.WWEFMN d CM.WWEON DIS ToY30 ‘suorye8ar3d3e enos
o1 Axord M%M ot Uor ) g ‘sdnoid Ansnpur 10§ Ax01d e se pasn
J 1° StHOI o1seq oy £q st SI ‘spueq awodul
puey ajqedopadp “(swioy [©30) [013U0D
uoryezo3ayen (eordA . moy £q A[reord4y
Ay1piqrssaooe e1a) wioysAs ronezI0%01e e se pasn st uorjerndod
(peox) uoneyrodsuery a1 auoz /sqol A [e103 snoua8oxa
sindur £o1j0d snouagoxy e/u yordxajoN | o requunu 9ye8aidly paseq-poyesnor] | y3noyre 4ordxe JoN JNT1L
sanLIoyINe dI[ANJ SIoLLIED) s1adofana(g [e1auaD) SP[OYaSnOL] SUOSI9 ]
SJUDWIYSI[R)SD dJCALL]

SI03OE JO JUdWEal], F d[qeL

0T0Z ydoJyN L2 L0 T

v [uoringiiisig uaiuo) siams |

:Ag papeo jumog



345

Current Operational Urban Land-use-Transport Modelling Frameworks

samrjod asn

-pue[ pue yrodsuer jo
a8ueIapIM B 0] 2AT)ISUSS
‘saprjod 2aryeUIa)R

jo syndur snouaBoxy

e/u

s1odofaAap Jo moraeyaq

Surzruxew-jyoxd sonpoider 03 sydureye
Ppow-qns Aiddns Surpmg jordxyg

[epow o3eryueg

ay} ur pasn APULaLID
sad £y uwrty 9L o03S
Surprmgq jo siardnodo
se jrdxe swirg,

oness, e ur (syndur
snoua3oxs ajeda133e
WOIJ PIALIDP
sjySom) pajySrom
Ayerrdoxdde
Buraq proyasnoy
yoea ypm ‘ardures
© woIj pjoyasnoy
K19A3 3Sn 03 S)SIXd
Aqede) ‘ppow
oSenueg ur pasn
sad £y proyssnoy
69 Apuarmd
‘spoyasnoy

jo uorjejuasardax
parreso
‘paseq-proyasnor]

(o1qe3

SIU} UT SP[OYaSNOH]
99s) suosiad asay

JO SaINLIIE SNOLIeA
im Suore “‘umowny
ad £y proyesnoy

Aq proyasnoy

12d suosiad jo
qumy 31dxa J0N

VSSNIN

(30

quawfordws sajerousd
pue ‘033 “moqe|
SWINSUOD T DUIS)
ssavoxd uononpoid ayy
ur A108a3ed 9yeredss e st
Aqreord4y juswrurenon),

(puewsp

03 asuodsaz ur a3ueyd
sanuanbaiy yromiau
yisuex) o1 dwr awos
3daoxa) asuodsar 103008
orqnd snoua3opua oN

sanLIoOyINe dI[qn,J

SI9LIIRD)

sradoasa(g

[eTouaD)

SjuawrysIjqe)sa ajeALL ]

SP[OYaSNOL]

SUOSIDJ

0T0Z ydoJyN L2 L0 T

panuyuo) *p 3[qeL

v [uoringiiisig uaiuo) siams |

:Ag papeo jumog




346 |. D. Hunt etal.

Sty moy
Ie3[D JON] ‘[erudpISal
-uou I9Yjo pue
reuonmnsut ‘([re3ax
s[ejo03 yuswfordure orseq -39) Ansnpur/eoyj0 SUOZ [eJUSPISIT
-uou pue uonemndod -uou Aq pazro3ayed 03 (awoour a3eroAe
€303 jo syndur DISEQ-UOU ‘AT)SNPUT | UMOWY B 3IM) YIOM
snouagoxa snid ‘syndur pue 321350 0JUT UMOP jo aoerd 1oy woxy
103035 d1Seq SNOU30Xd uay0I1q JuawAo[dwd  |SISNIOM JO UOTEIO[[.
ur jordur siseq o1seq ‘uonejuaw[dwr | oYy Aq paurnurelap st
OLIEUQDS © U0 AJIANISUDS AID IO MON | 9UOZ Yoed ur Swodul
Aorjod asn-puey swrog uJ "pash (paururiaiep proyasnoy] aderaay
‘(pre8az siyy ur Ppow Asnoua3opuo) orseq ‘(suoryezrro3ayed
A} PULIXD O} SISIXd -uou pue (paymnads papnpur
[esodoxd) sjonuod asn A[snouagoxa) drseq SUOISIOA IDI[IEd spoyasnoy
-pue[ 1230 J0 3uruoz o} pue[ d[qerreae o} 3o3(qns ‘auoz 3o 3daou0d A1mo] awos y3noyyre) IIOM-T}[NW 10F
Ay1anisuas ou Appuarmy) Aq ad£y £q s3urpmng 105 senjea jesrewt oy -auoz £q yordxe 2d 4y proyasnoy junodoe 03 suorjenba
‘syndur snouaBoxa spuodsaz auoz yoea ur (2dA) Aq aoeds 1007y juawAorduuy “suriy £q uonyezriog8ayed 03 yuaumsnipe
a1e sadueyD 9TAISS 10 pue syrun ursnoy renuapisal ‘adeds 100[y jo uoryejuasardax juaredde oN ue sapnpur NN
spromyau uonerodsuer] e/u 103295 d1seq-uou) yo03s Surpymg jo A[ddng jo1dxe oN ‘paseq-ployasnop INISAN 011dX2 10N | -DLINAN
Ppow
o} pue SINGd 93
UTYIIM pauTejurewt
aIe IdqUIDWI
ployasnoy yoea
JO SoTsLIdjORIRD
po[re3ap
UmoIayMm “SIoMaurery
,UOTJRISUINUD
orduues,
10 ,UOT)R[NUUISOIDTUI
sanLIoyINe dI[ANJ SIoLLIED) s1adofana(g [e19UdD) SP[OYaSNOL] SUOSI9 ]
SJUSWIYSI[R)SD AJCALL]

0T0Z ydoJyN L2 L0 T

panuijuo) “p AqeL

v [uoringiiisig uaiuo) siams |

:Ag papeo jumog



347

Current Operational Urban Land-use-Transport Modelling Frameworks

S[OAJ] IIIAISS pue
Gumotrd ‘ermjonpseryur

sy09foxd yuswrdofarap

98] 10§ S3[LIOWI) UOTIONIISUOD
IedA-[)[NW pue 31838 PaAe[op 93epowwodde
0} Uorsua}xa Sunuswa[duw ‘UoKINISU0d

Apordxe
Ppajepouruode

aq Aewr

SUOT)LO0[aI SSaUTSN(
1ofewr se yons sjuand
UMOUY "UOT)RULIOJUT
30 >joE] pue Arrqow
MO[ 0} 1P UOTJRNUIS
woy paydwaxa aq
Kew sassaursnq 10[ejnl
*S9DTOUD UOT)LI0[

eyep
[@oxed pue saqry ode]
Areunung “eyepodIN
98] dMqnd

woiy pajersusld
uorendod

o1y uAs sasn)
*S9DTOYD UOELIO] pue
ad £y urpymng ‘saaow
‘syjeap /sypq
syorpaid [poN
-ardures proyasnoy
[y uTejurewr

uoneyrodsueny 91039 “o011d JO3IRW JUDLIND WOLJ pue ad4) Surpymng |03 pauuerd uorsuayxg
‘sadreyp juawdorasap POIRWIISD dNUIASY IS0 Pue AJIqISea] ‘SOAOW ‘SyjEap K310 9xe] RS pue
‘SJUTRI}SUOD SUIUTULIDJOP UI PAIOPISUOD SALIEPUNOq /sypaiq sporpaxd N[N[OUOL] UT d10UL
[EIUSUIUOIIAUD YIMOIS UeqIn “S)UTeIjsuod [eJUdUUOIIAUD [PPOIN ‘sdakofdurs | ‘proydurrdg-ousdnyg 010D
‘saLTepunoq ‘sadreyd JuawdoaAap ‘Sjuren}suod Ayisusap JO I3quINU pue ut sad£) proyasnoy soerdsrom sapnpur
pmoIs ueqn ‘uerd asn-pue “Aiqesgord pajoadxe | Ansnpur £q payisse[d 11T Appuermod UOTYM UOISIOA
‘SJUTETISU0D AJISUIP uo paseq ‘[a4d] [221ed ayp 1e Juswudorarapax 19sn qo17dxa :spjoyasnoyy UOT}R[NUIISOIOTUE
‘suefd asn-puef spnpur /yuawdopAdp sajernwils Ajuarin) SjuLWIYSI[qe)ISd jo uonejuasardox amyny e 105 pauuerd
sndur Lorod yordxyg e/u * IO RW-UOISIAP sk JIidxe sradopaa] ssaursng porrelo  |“guesaxdjejwidxajoN  [wrgueqin)
aoeds 1007y
pue asn puey jo yoes}
Burdoay 103 pasn
st A10393ed dIseg-uou
[exouad ‘o[3urs e AJuo
yey sxeadde 31 2ours
‘[opou a3 unpIm
pasn st uory e W3S
sanLIoyINe dI[INJ SIaLLIED) s1adofana(g [e1auUaD) SP[OYaSNOL] SUOSI9 ]

SJUSUISI[LISd JLALI ]

ponuijuo)  dqeL

0102 Y2 48N /2 Z0:¥T W [uo1ingiiisig 1wua1uo) siavs |

:Ag papeo jumog




14: 07 27 March 2010

Downl oaded By: [Swets Content Distribution] At:

348 J. D. Hunt et al.

persons (in addition to households), however, would appear to be advantageous,
since many processes of interest within the urban system (in addition to travel)
are inherently person based (birth, death, labour force participation, etc.).

All six models treat public authorities as essentially exogenous generators of
public policy inputs to the model—transportation network changes, zoning
changes, etc. The partial exceptions are MEPLAN/TRANUS, which generally
have ‘Government’ as an explicit category in the input/output production
process and, hence, an endogenous supplier/demander of goods, services and
travel.

With respect to private establishments, most frameworks deal directly with the
location of employment, not firms. The exceptions are MUSSA and UrbanSim,
both of which explicitly model firms. All have some form of explicit representa-
tion of the building supply/development process, with the exception of ITLUP,
which has no supply-side representation. Carriers are not explicitly represented
in any of the models, except for MEPLAN and TRANUS, in which carrier cost
functions are explicit components of the production functions being modelled.

Table 5 summarizes the treatment of various markets of potential interest
within the land-use-transport system. Points to note concerning these markets
include the following:

o Housing market. All frameworks include explicit representation of housing
demand-supply interactions with price signals, except ITLUP. ITLUP models
the demand side only, without endogenous prices.

o Commercial floor space market. In general, the frameworks treat the demand-
supply of commercial floor space similarly to housing, making due allowances
for differences in the two types of space. Again, ITLUP is the only framework
without explicit supply—price components.

o Goods and services market. MEPLAN and TRANUS are the only frameworks
that explicitly consider the production and consumption of goods and services.
MUSSA obtains activity totals by sector from an external input—output model,
while UrbanSim somewhat similarly accepts exogenous inputs concerning
business growth and decline.

o Job market. In MUSSA and UrbanSim, worker—job linkages are determined by
the travel demand work trip distribution model. Labour markets are explicitly
modelled in MEPLAN, TRANUS and NYMTC-LUM. The labour market is
implicit in the ITLUP procedure. In ITLUP, MEPLAN and TRANUS, very little
distinction actually exists between the labour and housing markets (i.e. work-
ers are allocated from known employment locations to residences in essentially
a joint labour-housing market model).

o Personal transportation market. In MEPLAN and TRANUS, work, personal
business and other types of travel arise out of the spatial production-consump-
tion process. In ITLUP, three trip purposes (home-to-work; home-to-shopping;
work-to-shopping) are generated and distributed simultaneously with the
spatial allocation of households, i.e. all within the household allocation model
(DRAM). All other models use a conventional four-stage travel demand model.

o Goods movement market. MEPLAN and TRANUS are the only frameworks
with explicit goods movement representation.

o Transportation infrastructure market. All frameworks treat the supply of trans-
portation infrastructure and services as exogenous inputs. Demands for infra-
structure and services are implicit in the travel demand models.
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Table 5¢. Motivational framework (Part III)

Transportation infrastructure
market

Car (vehicle) market

ITLUP Exogenous supply, from public Not considered explicitly in ITLUP, although
authorities (or other providers of | could be reflected in DRAM trip-generation
transportation infrastructure) rates, modal split model and vehicle

T occupancy rates. However, an exogenous
Demand is 1mph'c1t in the travel travel demand model (if used) could include
demand-forecasting models . . .
an explicit car ownership choice sub-model

MEPLAN Exogenous supply Can have categorization of households by car
Demand is implicit in the travel ca)rxizlnzrsh;}t) levreil, with exogenous transition

TRANUS demand-forecasting models ong categories

MUSSA Exogenous supply Implicit in the demographic inputs, which

include forecasts of households by car

Demand is implicit in ESTRAUS .
ownership level

INYMTC-LUM | Exogenous supply Exogenous travel demand model could

include car ownership choice sub-model
Demand is implicit in the travel P

demand-forecasting models

UrbanSim Exogenous supply Can have categorization of households by car
ownership level, with exogenous transition
among categories or could have an car choice

sub-model in the travel demand model

Demand is implicit in the travel
demand-forecasting models

o Car market. The car market is treated exogenously and implicitly in all frame-
works. However, indirect mechanisms could be used to account, at least
partially or approximately, for car ownership. For example, households could
be categorized by car ownership level (with exogenous definitions of total
households by category), or the travel demand model could have an endoge-
nous car ownership sub-model (in principle, usually not currently in practice).

One other noteworthy difference between the models concerns the mechanism
used to determine prices within a given market (in particular, the housing
market). In MEPLAN, TRANUS and NYMTC-LUM, prices within a given (sub-)
market are adjusted so that short-run supply and demand balance within a given
time step are using a classical Walrasian equilibrium structure. UrbanSim uses
hedonic price functions to determine prices at each time step. MUSSA, on the
other hand, employs a ‘bid choice” approach in which consumers bid for housing
in an attempt to maximize their consumer surplus, while suppliers accept bids in
an attempt to maximize profits. In this last, conceptually very attractive approach,
prices in each time step depend only on the outcome of this competitive, multi-
agent game, and not on an explicit balancing of supply and demand (Martinez,
1992b, 1997). Housing supply then changes as a longer-run, lagged response to
housing prices in the previous time period (a similar lagged supply response
occurs within UrbanSim).

Table 6 provides additional detail concerning these market processes in terms
of the allocation processes used to determine the spatial distributions of demand
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and supply in each market. Demand functions are generally logit or nested logit
models. Supply functions vary in nature, but generally are based on some concept
of profit maximization. All models except UrbanSim solve for some form of equi-
librium in each time step. Of these equilibrium-based frameworks, all except
ITLUP use some form of endogenous price mechanism to equilibrate supply and
demand.

Note that across all integrated models (both the ones reviewed here and
others), housing/floor space supply models are probably the least well developed
of any component of the entire modelling system. Many reasons for this exist,
including the following;:

o A lack of good data, which has limited the quality of the analysis/modelling
that could be achieved.

o Complexity of the supply process and, hence, the difficulty of developing
strong theoretical insights into the process.

o Relatively few decision-makers involved in the building stock supply process,
which makes developing statistically reliable models difficult.

This last point is of particular importance. Relative to most processes of interest
(which typically involve thousands, if not millions, of individual decision-making
units, e.g. persons, households, businesses), the development industry in even a
large urban area may well consist of only a few hundred serious actors, of which
perhaps a few dozen (or less) are the dominant players in the industry. Under
such conditions, developing general models of building stock supply can be prob-
lematic, given the larger role that idiosyncratic factors may play in the observed
outcomes. This problem is further compounded by the very long-run nature of
the development process (which often stretches out over decades for large
projects) and its very open-ended nature (a large developer may be considering
projects in several urban areas, not just the one being modelled).

Table 6 also discusses the treatment of demographic processes. In general, none
of the frameworks handles demographic processes endogenously, although
UrbanSim appears to be moving in this direction. Demographics tend to enter in
terms of the nature and extent of household categorization, with control totals by
household category generally being exogenously determined. MUSSA and
UrbanSim are particularly noteworthy in this regard, since they support a very
high level of household disaggregation, in the limit including use of a weighted
observed sample of actual households in a virtual microsimulation framework.
Demographics play a major role in determining housing demand, labour supply,
travel demand, etc., and so an enhanced treatment of demographics within inte-
grated urban models would be welcome. In particular, the inability of many plan-
ning agencies to generate detailed forecasts of future year demographics often
limits their ability fully to exploit the capabilities of currently available disaggre-
gate travel models. If integrated urban models were available that could generate
credible future year demographic forecasts, this could provide a significantly
improved capability for generating estimates of travel demand.

Table 7 summarizes the abilities to respond to the typical range of policies that
might be of interest within an urban area. For each policy, a tick (0) indicates that
the policy can (at least in principle) be represented and tested explicitly, whereas
a cross (0) indicates that the structure/specification of the framework precludes
testing the given policy. A star () indicates that the policy can be ‘implicitly’
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addressed (either through a proxy variable or through straightforward extensions
to the current modelling system). Finally, a diamond (¢ ) indicates that the only
way in which the framework can be made to respond to a given policy is through
user-defined, exogenous changes to model parameters.

Integrated urban models, in general, are intended to analyse policies relating to
land use, transport or other policies that might have significant impacts on either
land use or transport. Table 7 is divided into three sections, each corresponding to
these broad policy types. At the same time, regardless of type, policies can also be
categorized by the mechanism employed, namely pricing, infrastructure and
services (which involves both the supply of new infrastructure/services and the
operation of existing facilities), regulatory and education/marketing. These
generic policy categories define the rows of Table 7, with representative (but not
necessarily exhaustive) examples of specific policies being shown for each cate-
gory and type of policy.

In general, models developed using the frameworks reviewed here can
respond to a fair range of pricing and infrastructure/service-related policies. This
is not surprising given that these represent the traditional types of policies moti-
vating model development over the years. There are three important caveats to
this general observation. First, because ITLUP does not model land-use demand-
supply interactions explicitly, relative to the other models it is limited in its ability
to address land-use pricing and infrastructure policies. Second, while ITLUP,
MEPLAN and TRANUS are all shown as being able to address transit infrastruc-
ture and service policies, the large zone system typically used in these models
limits the sensitivity that these models can have with respect to transit. Third, the
extent to which a given model is sensitive to transportation policies depends criti-
cally on the specific travel demand model being used: and the full set of ticks
shown in Table 7b is appropriate only if a best-practice travel demand model is
used.

All the frameworks are much less able to address regulatory policies, especially
with respect to transportation. TDM and ITS impacts are generally not well
addressed. These limitations primarily reflect well-known weaknesses in the
four-stage travel demand modelling system, upon which these integrated models
heavily rely, rather than any fundamental problem with land-use models per se.
Thus, as operational travel demand models continue to improve (through the
efforts of TMIP and other research and development initiatives), such integrated
models can be expected to directly benefit as well.

Land-use regulation (zoning, urban growth boundaries, etc.) represents a
particularly important type of policy to be analysed by integrated urban models.
All six models can, in principle, deal with land-use regulation through the exoge-
nous imposition of constraints on development of certain types in given zones. As
noted above, ITLUP is less suited to analysing this type of policy than the others.
This is because different types/levels of regulatory constraints on land develop-
ment might have different impacts on prices (e.g. it is often argued that an urban
growth boundary might inflate housing prices compared with the no-boundary
case), and hence alter supply-demand outcomes within the urban area—some-
thing ITLUP will not be able to address due to its lack of an explicit supply side
and price determination process.

Not surprisingly, all the frameworks can reflect education/marketing policies
aimed at changing people’s values/attitudes only through exogenous changes in
the model parameter values, where these parameters are intended to capture
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decision-makers’ tastes and preferences. All models are calibrated against
observed, historical data. Given this, at best, they capture the behavioural prefer-
ences manifested in the historical data. To use these models in a forecasting mode,
it must be assumed that these behavioural preferences will also hold in the future.
While the increasing availability of time-series data (both panel and repeated
cross-sections) is beginning to provide the opportunity to study the evolution of
tastes and preferences over time, such research is a long way from providing
operational models of parameter formation and evolution.

Finally, Table 8 summarizes much of the previous discussion in terms of the
operational characteristics of the frameworks. Some key points to note are as
follows:

» Historically, operational urban land-use-transport models have tended to be
quite aggregate spatially. The current trend among newer models is towards a
finer spatial scale, typically the traffic zone level. UrbanSim is the most disag-
gregate of the frameworks reviewed, modelling land development at the
parcel level and travel demand at the traffic zone level.

o Most frameworks are based on strong equilibrium assumptions. UrbanSim is a
noteworthy exception to this rule.

o Most applications of the frameworks are still very aggregate temporally, using
up to 5-year time steps. Again, UrbanSim is the exception to this rule in that a
1-year time step has been used in applications.

o Data requirements and implementation effort obviously vary, depending on
model complexity. But the development of any integrated urban land-use-
transport model requires significant investment in time and money.

« Significant on-going technical support is required to operate models developed
using these frameworks.

The bottom line for all integrated models is the extent to which they assist in the
evaluation of alternative urban policies. To do this, they must generate useful and
credible measures of system benefits and costs. As indicated in Table 8, all
systems reviewed provide considerable capability in this regard. The random
utility framework that underlies most of the model components is a major help in
this regard in that it readily permits the calculation of consumer surplus terms. In
addition, real estate prices (in all but ITLUP), land consumed by land-use type,
travel times and costs, roadway congestion levels, transit patronage, etc. are all
‘standard” outputs from these models and provide useful measures of the effec-
tiveness for policy/project evaluation purposes. None of the models reviewed
explicitly computes atmospheric emissions, but, as with conventional travel
demand models, the travel outputs from an integrated model can be used to
provide inputs to a suitable vehicle emissions model. As also shown in Table 8§,
the packages in general have, or are rapidly developing, graphical, GIS-based
user interfaces for the convenient retrieval, display and analysis of model results
(as well as input data preparation).

Summary of the State of Practice

Miller et al. (1998) present an extended discussion of integrated urban modelling
needs and design criteria. Emerging from this discussion is one vision for an
‘ideal’, “ultimate” or “fully evolved” modelling system. This conceptual modelling
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system is based on the set of axioms shown in Table 9 that the authors argue are
model properties towards which any integrated urban model should aspire. In
advancing these axioms as the basis for an ultimate model design, the authors are
not arguing that one model fits all, or insisting that all modelling efforts must
conform to this particular vision to be useful or acceptable. Indeed, Miller et al.
explicitly argue that many models (which differ in spatial and temporal detail,
modelling complexity, etc.) are required to address planning issues across the
wide range of urban areas that exist worldwide, and that different urban areas
can and should follow different development paths in improving their integrated
modelling capabilities, many of which may/should not end with this ultimate
model. In particular, these axioms imply a strong preference for a microsimula-
tion approach to modelling urban systems, which, while many researchers argue
appears to be an attractive approach to the problem, is not necessarily the only
expansion path for model development.?

Nevertheless, to provide some form of benchmark against which the current
state of operational models might be compared, it is felt that this ultimate model
provides a useful point of comparison. Table 10 attempts this comparison by
summarizing the general state of integrated urban modelling practice (as defined
by this review) with what might be viewed as an ultimate model with respect to
the modelling axioms of Table 9.

In Table 10, the ultimate in each aspect of model design is printed in italics,
followed by a summary of current practice in normal type. This format allows
current operational practice to be compared with an ideal, towards which the
discipline might reasonably be striving as it advances in understanding and
improvements in computing power become available. The exact nature of this
ideal is, of course, open for further consideration. Again, the point here is merely

Table 9. Integrated urban systems: modelling axioms

1. Inreferring to the urban system, the focus is on those elements that influence and/or interact with
the transportation system. Notwithstanding, the model should be extensible as appropriate

2. Urban system consists of physical elements, actors and processes. The modelling representation of
this urban system must contain all three of these

3. Transportation system is inherently multimodal and involves the flows of both people and goods

4. Markets represent the basic organizing principle for most interactions of interest within the urban
area, providing price and time signals to producers (suppliers) and consumers (demanders) of
housing, transportation services, etc.

5. Flows of people, goods, information and money through time and space arise as a derived
demand from market interactions that are distributed in time and space

6. Urban areas are open, dissipative systems subject to external forces. As such, they never achieve a
state of equilibrium

7. Future is path dependent. To generate a forecast year end state, the model must explicitly evolve
the system state over time

8. Model must address both short- (activity/travel) and long-run (land development, transportation
infrastructure, etc.) processes. There must be feedback/interaction between both processes

9. Some factors and processes are clearly exogenous to the urban system per se. Others may be
treated as exogenous as a modelling strategy

10. Some activities within the urban area are ‘basic’ in the sense that they arise in response to external
demand

11. Ideal model should be conceptualized at a very fine level of representation (i.e. analytical units) so
as to maximize ‘behavioural fidelity” in the representation of actors and processes, recognizing
that any practical implementation probably will occur at higher levels of aggregation
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to characterize current operational practice against some ultimate in order to
develop a further appreciation of this current practice.

In assessing Table 10, as well as its predecessors, it must be recognized that an
attempt has been made to characterize the attributes and performances of models
based on the frameworks as they are typically implemented in practice. Any
specific application may either exceed or fall short of what has been depicted
here. Further, it has not been the objective of this review to pick ‘winners” and
‘losers’; nor has it been the objective to appear to criticize what has been done
previously by comparing it against an ultimate (that is perhaps still unattainable).
Rather, the objective has been to achieve an assessment of current modelling prac-
tice that is as objective as possible. It is felt that the general state of practice is of
much more direct interest than the strengths/weaknesses of any particular
model. In any case, it would appear that the vast bulk of previous work on and
using these frameworks has been exemplary: progressive, fit to purpose and more
than appropriate under the circumstances.

Summarizing even further from Table 10, as well as from the discussion in the
previous section, several key points emerge, including the following:

o All currently operational frameworks fall short of the ultimate by varying
degrees. Areas of significant shortfall in most models include:

« excessive spatial aggregation;

o excessive reliance on static equilibrium assumptions (with associated
assumptions of large time steps and lack of path dependencies);

« overly aggregate representations of households and firms, as well as a lack
of representation of individuals as decision-making units separable from
their households;

« lack of endogenous demographic processes;

o lack of endogenous car ownership processes; and

« reliance on four-stage travel demand modelling methods.

o At the same time, current frameworks individually and collectively display
many strengths and generally provide a solid basis for further evolutionary
improvements. Strengths include:

o generally strong microeconomic formulations of land and housing/floor
space market processes;

o coherent frameworks for dealing with land-use-transport interactions;

» multimodal transportation network analysis capabilities; and

« experience with developing and using large-scale urban land-use—transport
models.

o Despite the scope for significant evolutionary development among existing
frameworks, a new generation of integrated urban land-use-transport-model-
ling frameworks will need to be developed in order to realize the ideal. While
newer models such as MUSSA and UrbanSim point the way to more disaggre-
gate and/or more dynamic models, much research and development must be
undertaken to realize models based on the ideal framework. This will include
development of and experimentation with model structures that are explicitly
designed to operate in a more disaggregate, dynamic, non-equilibrium frame-
work.

It is arguable that integrated urban modelling has not progressed as far over the
past decades as one might expect, given the potential importance of these models
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for urban policy analysis (Timmermans, 2003). Many possible reasons for this
exist (Miller ef al., 1998; Timmermans, 2003). Interest in integrated urban model-
ling, however, appears to be on the rise in recent years, and next-generation
modelling efforts such as ILUTE in Canada (Salvini and Miller, 2003;
www. ilute.com), ILUMASS in Germany (Moeckel ef al., 2003), the TLUMIP work
in Oregon, USA (http://www.odot.state.or.us/tddtpau/modeling.html),
RAMBLAS in the Netherlands (Veldhuisen et al., 2000), as well as continuing
evolution of existing models such as UrbanSim (Waddell, 2002; www.urban-
sim.org) and MUSSA (Martinez and Donoso, 2001; www.mussa.cl), hold signifi-
cant promise for future developments in this regard.
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Notes

1. The names of these frameworks and the software packages embodying them may be asserted by
others to be proprietary terms or trade marks. The use of these names here does not imply that
they have acquired for legal purposes any non-proprietary or general significance, nor is any other
judgement implied concerning their legal status.

2. A detailed discussion of the relative merits of microsimulation models relative to other modelling
approaches is well beyond the scope of this paper. Miller (2003), among others, presents an in-
depth discussion of the method and its strengths and weaknesses.
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