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ABSTRACT

This chapter provides an introduction to urban simulation, which we interpret broadly
to mean operational models that attempt to represent dynamic processes and
interactions of urban development and transportation. Its intent is to provide the
reader with a reasonable understanding of the context and objectives for urban
simulation modelling within metropolitan areas in the United States, the limitations
and challenges of urban simulation models, the design choices involved in developing
operational models, and how such models are applied.

THE CONTEXT AND OBJECTIVES FOR URBAN SIMULATION

Urban systems are becoming ever larger and increasingly complex as urban
economies, social and political structures and norms, and transportation and other
infrastructure systems and technologies evolve. Scarce resources make efficiency
critically important, and in a democratic context that involves many stakeholders with
conflicting values and priorities, it is neither feasible nor appropriate to deal with
major land use and transportation policies and investments as isolated choices to be
decided by planners or bureaucrats within the bounds of a single organization.

Mathematical and theoretical models have long been used to attempt to reduce

complexity and encode a clear and concise understanding of some aspects of urban
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structure and transportation, as exemplified by the classic work on the Monocentric
Model of the city (Alonso, 1964; Mills, 1967; Muth, 1969). While the value of
theoretical models is facilitating a broad understanding of some underlying principles
of urban development and transportation, much of this work remains too simplified in
its assumptions and too abstract to be of direct value to agencies needing to inform
decisions about specific policies and investments in particular urban settings.

To begin to address more operational needs in planning and policy decisions,
computerized models representing urban travel and land use began to be developed
and used from at least the 1960’s in the United States, with the advent of the Urban
Transportation Planning System for travel demand forecasting (Weiner, 1997), and
the subsequent work on spatial interaction models for predicting locations of
households and jobs across urban landscapes (Putman, 1983), which emerged out of
earlier work on the Lowry gravity model (Goldner, 1971). A separate branch of
applied urban modelling developed along the lines of the Input-Output model of the
macroeconomy developed to describe the structure of economic flows between
economic sectors (Leontief, 1966), adding a spatial component and transportation
costs to represent economic and transport flows between zones in a region (de la
Barra, 1989; Marcial Echenique & Partners Ltd., 1995).

The objectives for much of the work on land use and transportation modelling in the
United States from the 1960’s through the 1980’s were focused on the planning
problem of determining transportation capacity needs—mostly focusing on roadway
capacity—to accommodate expected demand generated by predicted land use patterns
represented by the spatial distribution of households and jobs within a metropolitan
area at some future planning horizon. Over the 1970’s and 1980’s, increasing
pressure from environmental groups, proponents of transit, and others, led to a
substantial shift in policy objectives, reflected in the passage of the Clean Air Act
Amendments (CAAA) of 1991 and the Intermodal Surface Transportation Efficiency
Act (ISTEA) of 1990.

By 1990, a significant degree of attention had emerged on the effects of transportation
improvements on land use changes, the potential for long-term induced demand from
highway expansion that might significantly undermine the expanded capacity through
additional travel, and increasing environmental consequences in the form of emissions
and loss of open space due to stimulation of low-density development at and beyond
the urban fringe. The passage of the CAAA and ISTEA legislation set the stage for
lawsuits by the Sierra Club and the Environmental Defense Fund and other
environmental groups in the San Francisco Bay area, Chicago, Salt Lake City, and
other metropolitan areas, on the grounds that the computerized transportation and land
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use modelling and planning processes did not adequately account for these complex
feedbacks between transportation improvements, land use, and air quality (Garrett and
Wachs, 1996).

Simultaneously, the policy environment began to shift towards a more multi-modal
approach to transportation, including non-motorized and transit modes, other demand-
side policies began to emerge as alternative ways to match capacity to needs,
including a range of transportation system management techniques (ramp metering,
traffic light signalization, and so forth), travel demand management (ride-sharing,
staggered work hours, parking pricing policies, congestion pricing, etc.), and land use
policies (jobs-housing balance, urban growth boundaries, transferable development
rights, concurrency requirements or adequate public facilities ordinances). The range
of policies and strategies under potential consideration by metropolitan areas to
address transportation needs has essentially exploded over the past two decades, from
a fairly narrow focus on highway capacity expansion to a multi-modal transportation
capacity and demand management and land use policies. The objectives for

operational urban land use and transportation models have consequently grown.

Besides the growing need to test the effects and effectiveness of an ever-more diverse
range of land use and transportation policies, and their interactions, pressures on
operational modelling have grown from a very different perspective. From the
earliest efforts to develop operational urban models, critics have raised serious
concerns about the viability of such models. Lee’s “Requiem for Large Scale Urban
Models” in 1973 (Lee, 1973) cogently argued that efforts to develop operational
urban models had failed, and would likely continue to fail for a variety of reasons
ranging from insufficient theory to computational and data demands. Much of the
operational work in urban transportation and land use modelling has been criticized as
being too much akin to a ‘black box’, meaning that its theory and implementation
were not clear enough to an observer attempting to understand and evaluate it. While
some of the criticism was aimed at problems that have since clearly been addressed,
such as computational requirements, other concerns, such as insufficient behavioural
theory, still require substantial attention and are not widely addressed even in many
current operational simulation models. It is valuable to keep these critiques in mind
when examining current and emerging modelling approaches.

Combined with this kind of skepticism on a technical level, growing pressures have
emerged on the planning and policy-making arenas to become more open and
participatory—in short, more democratic. The tradition that has emerged within
planning agencies of having technical staff run models to support planning processes,
without clear and open access to the models, their assumptions, their theoretical
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foundation and their practical application, has become very inconsistent with the

current context demanding more democratic analysis and decision processes.

In summary, the context and objectives for urban modelling have grown far more
complex over the past two decades, and combine to shape the needs for urban model
development in ways that are sensitive to a range of land use and transportation
policies and their interactions, that build on clear and defensible foundations in
behavioral theory, and that facilitate participation in the testing of alternative policy
strategies and their evaluation. These are formidable challenges to address in a
satisfactory way.

THE DESIGN AND IMPLEMENTATION OF AN OPERATIONAL
URBAN SIMULATION SYSTEM

In the balance of this chapter, we explore recent advances and experience in the
design and development of urban models that attempt to address these requirements
and contextual factors. General questions of model design and application discussed
below are grounded in a case study of the development of the UrbanSim system in the
Puget Sound region, and the rationale for each design choice is presented. UrbanSim
has been developed since the late 1990°s to address many of the concerns identified
above, and represents an ongoing interdisciplinary research development effort to
provide operational tools to support the assessment of land use, transportation and
environmental policies and plans within metropolitan areas (Noth, Borning and
Waddell, 2001; Waddell, 2000; Waddell, 2002; Waddell, et al., 2003).

We propose that models be considered within a broader context in which they will be
used to guide or inform policy choices, and that this be considered a participatory and
iterative process. Figure 1 depicts the proposed policy development process as one
that begins with a visioning, or goal-setting phase, and proceeds through development
of objectives, identifying policies, formulating policy packages or scenarios, using
models to examine the effects of these policy scenarios on important outcomes, and
developing indicators and evaluating the effectiveness of the policy scenarios in
achieving the original policy goals and objectives. The process is likely to be iterative
for several reasons, chiefly that different stakeholders will disagree about the relative
weight to place on each goal, and there may be many possible policy scenarios that
could be evaluated. Ultimately, the process should lead to a convergence of
agreement on a set of goals and on the preferred policy strategy for achieving them.
Our hope is that a well-designed policy process that integrates use of models in a
participatory decision process will increase the likelihood of a cooperative resolution,
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as compared to the frequently observed political gridlock now observed in many
metropolitan regions.

Institutional Mandates and Constraints Operational Responsibilities

Assessment

] Outcomes
Scenarios
Models

Political, Social and Economic Circumstances Values

Figure 1: Models in the Policy Process
The model development process we propose is summarized in the following steps:

Assess the institutional, political and technical context

Assess stakeholders, value conflicts and public policy objectives
Develop measurable benchmarks for objectives

Inventory policies to be tested

Map policy inputs to outcomes

Assess model requirements

Prepare input data

Develop model specification

A S A Gl o e

. Estimate model parameters
10. Calibrate model system

11. Validate model system

12. Operational use

Since the focus of this paper is on the design process for developing an operational
urban simulation model system, we will cover steps 1-8 in substantial detail and
provide only a brief summary of steps 9-12.
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Assess the institutional, political and technical context

Who will be using the model system and who will be affected by its use? What are
the institutional mandates and limitations of the organizations involved? What
technical requirements or limitations impose bounding conditions on the problem at
hand? These and related questions logically precede any model development

exercise, and set its broad scope and direction.

We use the Puget Sound region in the State of Washington as a case study for
clarifying these questions and the discussion that follows. The federally-designated
Metropolitan Planning Organization (MPO) and state-designated Regional
Transportation Planning Organization (RTPO) for the region, which contains the
major cities of Seattle, Tacoma and Bellevue, is the Puget Sound Regional Council
(PSRC). The PSRC coordinates the development of a Regional Transportation Plan,
which is updated every three years, with a major update involving significant model
applications every six years.

In 2000, the PSRC commissioned a study to evaluate their current land use and
transportation models, and to develop a long-term development strategy for new
model development. The results of this effort are documented in a series of reports
(Waddell, et al., 2001; Waddell, Outwater and Bhat, 2001; Waddell, Schroer and
Outwater, 2001). The major planning responsibilities of the PSRC are summarized in
Table 1, and although the focus of the organization is heavily oriented towards
regional transportation planning, it also serves as a regional coordinator of land use
plans due to the adoption of a state Growth Management Act (GMA) in 1990. The
PSRC has no direct taxation or operational power other than these planning functions,
and local governments still retain full control of land use policies and most
transportation investments. The agency is therefore similar to MPOs in the United
States in having relatively little political authority or leverage other than through its

role as a regional planning and coordinating agency.

This institutional context influences the planning and design of an operational urban
simulation model. First, it implies a regional scope to the modelling in order to
support the primary responsibility of the agency to develop the Regional
Transportation Plan. Second, it implies that there should be a significant degree of
involvement and coordination with local cities and counties within the region if the
PSRC is to be able to leverage a well-coordinated and effective set of land use and
transportation policies and investments. Third, due to the dispersion of political
authority at a local level, especially for land use policies, it suggests that the model
system should be designed in a way that is useful to local governments in developing
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Table 1: Major Planning Responsibilities of the Puget Sound Regional Council

Produce a regional transportation plan (RTP) that will establish the
planning direction for regionally significant transportation projects.

Establish regional transportation policy and set minimum standards for
state government to integrate into its transportation planning.

Carry out MPO functions (federally mandated)

* Preparation of an RTP (20-year plan for integrated regional
transportation system with both short and long-term actions)

* An annual work program

* Collaborative planning program with Washington State
Department of Transportation (WSDOT), transit operators and air
quality agencies

¢ Three-year Transportation Improvement Program (TIP)

Carry out RTPO functions (state mandated)

* Preparation of an RTP

* Six-year capital plan

* Certify that transportation elements of local comprehensive plans
are consistent with the regional transportation plan

¢ Certify that transportation elements of county, city and town
comp. plans are consistent with state comprehensive planning law

» Assure that the region's transportation projects are consistent with
the RTP

* Manage right-of-way preservation proposals for high-capacity
transportation development, in conformance with the RTP and
other regional strategies

* Work with WSDOT to plan corridor transportation strategies

Transportation

Determine categories of priorities for the region among recommended
regionally significant transportation projects.

Review and comment in the federal and state environmental impact
assessment process (NEPA/SEPA) on proposed actions with potential
significant impact on the implementation of the RTP.

Maintain VISION 2020 (PSRC, 1995) and updates as the regional
Growth growth management strategy.

Management Develop multi-county planning policies.

Coordinate local and regional growth management planning efforts.

Countywide Review all countywide plans for consistency with the adopted regional
Comp. Plans growth and transportation strategy.

Support development of the RTP and regional growth management.
Regional Data Forecast and monitor economic, demographic, and travel conditions.
Base

Development Develop data base jointly with relevant state agencies.

Respond to data prepared by Washington Office of Financial

Management.
Technical Provide technical assistance to local and state governments.
Assistance Provide general planning assistance to small cities and towns.
Discussion Provide a forum for discussion among local and state officials and
Forum other interested parties.

Source: PSRC Interlocal Agreements 1981, 1998 as summarized in Waddell, Schroer and
Outwater, 2001
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and evaluating land use and transportation policies, so that these policies may be more
effectively coordinated across the region.

A significant aspect of urban planning and policy in the U.S. context, particularly in
the Pacific Northwest, is the degree of involvement by community and advocacy
groups in the planning process. In Portland, Oregon, a well-documented process was
spearheaded by grass-roots environmental activists who opposed a proposed
circumferential highway around Portland that they argued would lead to further low-
density development and more auto use. The Land Use, Transportation and Air
Quality Connection (LUTRAQ, 1993) process involved environmental groups and
other community advocates in the metropolitan planning process and led to the
development of alternative policy scenarios that were more transit oriented and
involved the use of land use policies to concentrate development around transit
stations. Ultimately, in this case, the scenario proposed by LUTRAQ proved to be
persuasive, and the highway project was abandoned.

In the Puget Sound, there are many non-profit agencies representing advocacy
interests, such as protecting the environment (Sierra Club, Northwest Environment
Watch), for promoting non-motorized transportation alternatives (Transportation
Choices Coalition), promoting growth management (1000 Friends of Washington),
arguing against the regional transit agency (Sound Transit) light rail plans (Sane
Transit) and for road expansion (Citizens for Mobility), and organizations promoting
limitations in governmental taxing authority and spending (Permanent Offense). In
this populist context, in which the process often receives as much attention as the
outcome, the development of a model system for regional planning of transportation
investments and land use policies must be attentive to the active role of the public
participation, and the many diverse stakeholders and values that must be recognized
as an integral part of the process of planning and decision making in the region.

Assess Stakeholders, Value Conflicts and Public Policy Objectives

As should be clear from the forgoing discussion, there are many stakeholders
involved in regional planning and decision making in the Puget Sound region as well
as in metropolitan areas elsewhere in the U.S. and abroad, and that they often hold
conflicting values over community priorities. Some of these conflicts arise from
NIMBYism (not in my backyard), a pattern of resistance to location decisions in
which parochial self-interests weigh against broader regional objectives. Many other
conflicts are over more fundamental differences in values, such as how important it is
to move cars faster on the roadways as compared to preserving forest and agricultural
lands, or increasing the affordability of the housing in the region, or promoting
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economic growth. In the Puget Sound, efforts to bring these diverse interests and
perspectives together to develop a consensus around a long-term vision for the region
were coordinated by the PSRC, culminating in a document called Vision 2020 (PSRC,
1995). This process will be updated in 2004, with a new target of 2030. In other
regions similar visioning efforts have been carried out by non-profit organizations or
coalitions of public and private organizations, such as the Envision Utah process in
the Greater Wasatch Front region of Utah. Vision 2020 presented a consensus on four
major themes for policy development (the following excerpts are from PSRC, 1995):

» Improve efficiency through effective transportation system management. The
strategy places the highest priority on maintenance and preservation of all
elements of the transportation system: roads, transit, ferries, freight and goods,

and non-motorized.

» Use transportation demand management measures to reduce travel demand,
provide new sources of revenue, and help meet environmental objectives. In
the short term, the region will pursue incentives to encourage transit use,
ridesharing, bicycling, walking, and telecommuting. In the long term, the
region will study and consider transportation pricing strategies to generate
revenue for system improvements, provide incentives for travel outside of
peak periods, and discourage the growth of driving alone.

» Focus transportation investments to support transit and pedestrian-oriented
land use patterns. Serving compact communities with high quality transit
service and locating bus stops near residences are examples of effective ways

to reduce the need for motor vehicle use.

 Add transportation capacity where appropriate to provide alternatives to
automobile travel, enhance safety and access, and improve freight and goods
mobility. The strategy stresses the importance of system planning for non-
motorized and transit facilities and services, so that these enhancements can be
programmed similar to street and highway improvements rather than occurring
in a piecemeal fashion. Improvements to the road network to provide a more
comprehensive and connected roadway system are also called for.

The value of a coordinated and participatory visioning process such as Vision 2020 or
Envision Utah is that it elicits from a diverse set of stakeholders a broad sense of
shared values that can help set the stage for developing politically viable strategies for
action, and avoiding political impasse or legal confrontation. Increasingly, the
environmental movement in the U.S. has found a viable strategy in legally
confronting MPOs and state departments of transportation over planned highway
projects, arguing under the Clean Air Act Amendments that the secondary effects of
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the highway projects on land use and air quality were not adequately assessed, and the
courts have frequently agreed. Several lawsuits around the country have documented
that this strategy can be successful in blocking major highway projects. In order to
avoid such legal impasse, regional visioning and planning efforts must reach out to
environmental groups and other stakeholders representing a range of diverse values
and perspectives. The implications for model development are significant. Models
will be heavily questioned by skeptical stakeholders, and should be made as
transparent in their design as possible. Ideally, the full range of stakeholders should
be involved in the process of designing and implementing models in order to ensure
that the design avoids any significant biases that favor one stakeholder perspective
over another. This would decrease the likelihood of a legal challenge being made in
the first place, and decrease the likelihood that such a legal challenge would be
successful. The recent emergence of a Value Sensitive Design methodology in
information technology can be productively applied to the development and design of
complex urban simulation models (Friedman and Kahn, 1994; Friedman, Kahn and
Borning, 2002).

Develop measurable benchmarks for objectives

Once policy objectives are identified, even while there remains significant difference
of perspective over their relative priority, it is possible and quite useful to begin to
develop measurable benchmarks for evaluating progress towards these objectives. If
there are thresholds that are relevant due to federal, state or local requirements, such
as for air quality, these provide clear and measurable targets for achieving policy
objectives. In other cases, such as transportation efficiency, it may be much more
difficult to obtain consensus around a set of benchmarks that should be attained, or
even what measures should be used to represent progress. For example, there may be
significant differences of opinion over what levels of service on the roadways are
acceptable, or whether multi-modal levels of service should be used instead. There is
also little agreement about whether mobility (efficiency in moving from one location
to another) or accessibility (ease in reaching desired activities) should be the guiding
principle for transportation policy.  These two approaches yield very different
strategies for intervention, with the former focusing on expansion of roadway capacity
and the latter on mixed modes and coordinated land use policies.

Unfortunately, this phase of planning is too often either ignored or left ambiguous,
providing insufficient support for later stages in the process. A preferred approach
would be to establish clear benchmarks where possible, and at the least develop clear
measures that indicate the direction of progress on each objective. These measures
should then form the basis for indicators that are used in evaluating alternative policy
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strategies after developing and implementing the model system and using it to
compare a baseline and alternative policy scenarios. We will return to this topic later
in the description of the process.

Inventory Policies to be Tested

The following inventory (see Table 2) of policies is an incomplete but representative
list of the types of policies under consideration in many metropolitan areas that affect
or are affected by land use and transportation choices.

Table 2: Policies to be Potentially Evaluated

Transportation Capacity
Expansion of roadways
Expansion of fixed-guideway transit systems
Expansion of bus transit systems
Expansion of high-occupancy vehicle lanes
Expansion of bicycle and pedestrian facilities and amenities
Transportation System Management
Highway ramp metering
Incident response systems
Traffic signalization
Traffic calming measures
Transportation Demand Management
Incentives for carpooling/vanpooling
Incentives for staggered work hours
Parking pricing
Congestion pricing
Land Use/Growth Management Policies
Urban growth boundaries
Concurrency requirements or adequate public facilities ordinances
Comprehensive land use plans
Zoning
Promoting urban designs such as neo-traditional neighborhood design
Transit-oriented development
Transferable development rights
Incentives for infill and redevelopment
Development impact fees
Economic Development Policies

Property tax abatements, incentives for business or real estate development
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Environmental Policies
Protection of environmentally sensitive or hazardous areas
Air quality conformity measures

Many other policies could be potentially included for analysis, and each one would
require an assessment of its impact on the model design. Some policies may impose
significant costs on the model development effort in order to effectively address them,
but fall fairly low on a prioritization of policies to test. In such cases, it may be
appropriate to drop the policy from further consideration, recognizing this as a design
choice.

Map Policy Inputs to Outcomes

For each of the policies to be considered, there is some a priori expectation, or range
of expectations, about how the policy would affect outcomes that are intended, and
others that may be indirect effects. The conceptual mapping of policy inputs to
outcomes should be informed broadly by theory within the social and natural
sciences. We cannot adequately describe within the scope of this paper the relevant
theoretical foundations for this activity, and the reader is referred to other sources to
elaborate on the treatment here (DiPasquale and Wheaton, 1990; Waddell and Moore,
2001).

Figure 2 portrays at a general level the broad scope of interactions among households,
firms, developers and governments within markets for real estate, labor, and goods
and services. Developers use land to construct housing and nonresidential floor space
that are demanded by households and businesses, who are also interacting in the labor
market and the markets for goods and services. Governments provide infrastructure
and services, regulate and in some cases alter prices for the use of land and
infrastructure. This general framework provides a point of departure for considering

the effects of alternative governmental policies and investments.

The key agents that generate or respond to the policies outlined are households,
individuals, employers, developers, and governments. Households make a cluster of
interdependent long-term lifestyle choices, including when to move, neighborhoods to
locate within, the type of housing to rent or purchase and the number of vehicles to
own (Salomon, Waddell and Wegener, 2002). Individuals within households choose
their labor force and educational status, their job mobility and job search, their daily
activity schedule, their transportation mode and route. Employers choose to start and
close establishments, and choose site locations, size of employment, and types and
quantities of real estate to rent or purchase. Developers choose to undertake real-
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estate development projects, and the scale and locations of those projects.
Governments set policies and make investments that affect the choices of other
agents, and also make development choices regarding public facilities, including type,
location, and scale of development.
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Figure 2: Linked Urban Markets

The agents, choices and interactions that we suggest are appropriate to connect a
broad range of policy inputs to outcomes are summarized in Figure 3. We suggest
that governmental actions such as regulations and infrastructure investments be
treated as exogenous, if the objective of the modelling is to evaluate alternative public
policies. The other choices and processes depicted lead to logical structures for model
components, and the representation of agents and objects on which they act.

For each of the policies identified, it should be possible to trace the expected causal
paths from policy input to outcomes, and this conceptual mapping should provide a
foundation for developing a model design that will be responsive to the policy in
question. Although there is insufficient space available to do this systematically for
those policies listed in Table 2, we present one example and the reader is left to
consider how this might be applied to other policies.
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Consider the example of the imposition of an Urban Growth Boundary (UGB). The
intent of such a policy is to encourage compact development within the boundary, and
limit urban development outside the boundary, in order to protect farm and resource
lands from urbanization and to promote more efficient use of existing infrastructure.
Critics argue that it also leads to rapid housing price inflation. How, and to what
extent, does the UGB produce these outcomes?  First, it should be noted that the
UGB is actually not a direct regulatory policy that is implemented independently of
other policies. It is actually a higher-order policy that must be implemented through
changes in the comprehensive land use plans of cities and counties affected by the
boundary, in order to make those plans consistent with the intent of the UGB. In
other words, these local jurisdictions may be required by state law first, to delineate a
UGB, and second, to change their land use plans and zoning to downzone the areas
outside the UGB to an agricultural intensity, and to upzone the areas within the UGB
in order to increase the intensity of land use and to accommodate anticipated
development over a planning horizon. In Washington, the UGB is intended to include
sufficient developable area to accommodate 20 years of development, and is to be
revisited and extended when it no longer contains sufficient area to accommodate this

level of anticipated development.

In practical terms, the intent of the UGB policy is operationalized through land use
plans and zoning and coordinated with other infrastructure choices and land use
policies, so the model must be made sensitive to these policies if it is to be sensitive to
UGB policies. Second, the effects of the UGB policy on prices are uncertain, since
there are competing forces at work. On the one hand, the UGB policy and the
resulting downzoning of areas outside it clearly limit the supply of land for future
development. On the other hand, the UGB is to be delineated so that it contains 20
years of development potential, and there are counter-balancing upzoning policies
within the UGB. So the effect of the policy on prices is theoretically ambiguous, and
the model would need to be sensitive to the effects of a relative scarcity of land for
development, at different levels of intensity of zoning. Furthermore, there may be
indirect effects on household location choices, with the UGB creating a scarce
amenity of access to open space for those that would live near the interior border, or
in the existing housing that was developed outside the UGB before the policy went
into effect.

Assess Model Requirements
Review of background documents provided the foundation for much of the

institutional context for model development in the Puget Sound (Waddell, Schroer

and Outwater, 2001). This was augmented by an extensive review of the literature on
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operational land use and transportation models (Waddell, et al., 2001). Based on
these materials and on extensive interviews with PSRC staff, and surveys of staff in
local governments, the Washington State Department of Transportation and several
advocacy groups, the following requirements emerged for new land use and
transportation model development at the PSRC (Waddell, Outwater and Bhat, 2001):

The model system must:

* Be sensitive to the effects of transportation pricing policies on both travel
behavior and land use.

* Be able to address the impacts of proposed land use and transportation policies
on housing affordability.

* Be able to support the role of the Regional Council in monitoring development
and compliance with the objectives of VISION 2020 and the Growth
Management Act.

* Be sensitive to policies that are designed to promote densification, infill and
redevelopment., and to the effects of land use policies such as comprehensive
land use plans, zoning, and the Urban Growth Boundary on real estate
development and the location of households and firms.

* Be able to assess policy effects over periods ranging from less than 5 years to
30 years.

* Be designed to support a participatory policy process that includes activities
such as VISION 2020, where scenarios are generated and publicly discussed.
Public access to the model assumptions, theory, structure, and results is
required, and the models must be explainable to a non-technical audience.

* Support the creation of performance indicators and evaluation measures
suitable for use by the Regional Council in evaluating alternative policy
scenarios using, at a minimum, Least Cost Planning and Cost Benefit Analysis
techniques.

* Be based on an activity-based framework in order to adequately represent the
complexity and constraints of travel behavior, and the influence of land use
and transportation policies on travel behavior.

* Allow comparison of different transit modes, for example rail vs. bus. The
new model system must be capable of adequately representing non-motorized
travel behavior. The model must allow comparison of different auto modes of
travel, for example high occupancy vehicles with 2 or 3+ person vs. single
occupancy vehicles.

* Recognize the impact of land use patterns on demand for transportation.

* Allow analysis of demand induced by transportation system improvements.
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* Be able to assess the impacts of environmental regulations that affect the
development of environmentally sensitive lands, such as Salmon habitat,
wetlands, floodplains, seismic areas, steep slopes, and other sensitive lands.

* Be able to assess the impacts of commute trip reduction and TDM policies,
such as different work arrangements (flexible versus fixed work schedule,
telecommuting or not, compressed work week or regular work week).

* Recognize the effects of multi-modal transportation system and policy
changes on real estate development and the location patterns of households
and firms.

* Be sensitive to the effects of urban design elements such as mixed land use,
density, street pattern, transit service and pedestrian amenities on household
and firm location and travel behavior.

* Be able to analyze the residential movement and location choices made by
households, and the influence on these choices of relevant housing and
location characteristics. The model system must be able to model the choice
of household members to participate in the labor market, and to choose a work
location. The model system must be able to model the vehicle ownership
choices of households.

* Be able to analyze the interactions between household choices related to
residential mobility and location, labor market participation and workplace,
vehicle ownership, and daily activity and travel scheduling.

* Be able to represent demographic processes such as the change in household
size and structure, and the ageing of the population.

* Incorporate a component to model the process of real estate development,
including infill and redevelopment, and the effects of various policies on this
process. The new models must distinguish between important types of real
estate that are relevant to the goals and objectives of Vision 2020, including
adequate representation of different nonresidential, residential, and mixed-use
types.

* Be able to support the analysis of Transit Oriented Development (TOD),
including real estate development, household and business location, to assist in
station area planning.

* Incorporate a macroeconomic component to model economic growth in the
region and its relationship to internal and external economic drivers. Analyze
the factors and policies influencing the location choices and real estate
demands of different firms in different industries.

e Address freight and commodity transport within and through the region.

* Address modal choices and tradeoffs of moving goods by truck, rail, barge or
air.
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* Be able to produce multi-modal travel assignments for roadway, transit and
possibly non-motorized systems.

* Contain information pertinent to Commute Management Systems (CMS)
policies such as workplace incentives, telecommuting, and a greater
breakdown of carpool sizes. The model should provide information showing
the effects of Transportation System Management (TSM) initiatives.

* Provide output relevant to policies instituted as part of Intelligent
Transportation Systems (ITS) such as incident management systems or public
information distribution.

* Be developed in a way that supports open and unrestricted access to the
software by Regional Council staff, consultants, and constituents, in order to
maintain and modify the models to meet emerging needs over time. The
model system should support distributed access and use by Regional Council
member governments, and should use consistent data for Regional Council
and member agency applications.

* Be manageable from the perspective of its data requirements.

* Have reasonable performance, in terms of computational efficiency, so that an
entire run of the full land use and transportation model system can be
accomplished within one working day.

* Provide tools to facilitate visualization of model results and comparison of
scenarios in ways that are useful to non-technical audiences. The model must
provide forecasts of system characteristics tracked by state benchmarks, for
example, the benchmarks identified by the State of Washington’s Blue Ribbon
Commission on Transportation. The model system must produce output that
allows analysis of the best mix of transportation investments.

e Allow Multi-Modal Cost-Benefit Analysis, to enable model users to make
more informed transportation investment decisions.

* Address uncertainty in the models and produce ranges of values for outputs
rather than specific results to avoid suggesting artificial accuracy.

Make Preliminary Model Design Choices

Having reviewed the context, policy applications and requirements for model
development, the stage is set for examining the design choices in more detail. In the
balance of this paper, we explore the design choices and process for developing an
operational urban simulation model that satisfies the requirements discussed in the
preceding sections. As design options are discussed, the choices actually made in the
design of UrbanSim to address such requirements will be explained, and the
discussion will alternate between general topics of model design and specifics of these
design choices within UrbanSim.
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There are several major design choices that must be considered for an urban
simulation system, and the combination of these choices narrows the choice of
modelling approach. The design choices we consider here are the level of behavioral
aggregation, the level of determinism, their temporal representation, and the
resolution of agents, space, and time.

Behavioral Resolution. The system can work on an aggregate scale of average
behaviors or on the disaggregate level of behavior of individual agents. The
simulation system can be deterministic or stochastic. Deterministic systems are based
on predetermined rates of change and static functions, and the same inputs will always
produce the same results. Deterministic models are typically used along with
aggregate scale of behavior, since the average behaviors can often be approximated
with a fixed rate of change. But, agent based simulations can also easily be
deterministic, for example queuing models, or choice models that force the agents to
choose the most likely result.

Resolution of Agents, Space, and Time. The size of the units of analysis, or
resolution, of the system is another major design decision. Simulation systems range
from macroscopic to microscopic in resolution. Macroscopic systems have the largest
units of analysis, typically aggregate values for geographic zones, household
distributions, or groups of vehicles. These models are in wide use, mostly because
they have relatively low computational needs. They run relatively fast and use
relatively little memory. Macroscopic models also require much less data than finer
resolutions, and the data is more readily available through census data or other such
large databases. Macroscopic models are typically static and deterministic.

Microscopic models have a small unit of analysis, for example a single individual,
household, vehicle, trip or activity. Microscopic models are being actively developed
because their requirements for considerable computational power are increasingly
being satisfied by personal computers, making these models more feasible, and they
support clearer behavioral specifications than macroscopic models. Microscopic
models are typically stochastic, disaggregate models that require enormous amounts
of data. The data needs of microscopic models are still a limitation since detailed data
on individuals are expensive to collect. Methods to synthesize households from
census data exist (Beckman, Baggerly and McKay, 1995) and such methods facilitate
the creation of synthetic households for use in micro-simulation.

Mesoscopic models are a mixture of macroscopic and microscopic models. They may

use small decision makers but large time steps, or small time steps for large units of
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analysis. They therefore allow the use of aggregate data for certain aspects of the
model but make use of greater detail where it is available.

Level of Determinism. Stochastic models are based on probability distributions. They
are most typically used with agent-based simulations in the form of probabilistic
choice models. They allow the agent to randomly choose an alternative, which means
an agent can end up with an unlikely choice. These models will generally not give the
same result if run twice, but the results can be made repeatable by fixing the random
seed that controls the random distribution. Such a feature does not make the model
deterministic, since it is always probabilistic what happens if the initial condition is
changed slightly.

Temporal Representation. Models can also be cross-sectional or dynamic in their
representation of time. Cross-sectional (sometimes referred to as static or equilibrium)
models are not time dependent, and model conditions are fixed at a hypothetical
condition generally identified as a long-term equilibrium. Equilibrium models assume
that the system begins in equilibrium and adjusts completely to some exogenous
shock, that is, it reaches a new equilibrium. The assumption of equilibrium usually
allows the explicit derivation of the solution describing the system, although the
underlying functions may be time-dependent. Dynamic models make no assumption
about equilibrium, but concentrate on adjustment processes over real calendar time.
The solution describing such a model is therefore often impossible to derive
analytically and the system must typically be simulated to find the result.

System Interaction. There are complex interactions between components within the
urban system that must be represented in any complete urban simulation system, such
as the endogenous relationships between land wuse, transportation, and the
environment. Urban simulation systems must therefore either explicitly model the
interactions between land use, transportation, and the environment, or interface with

separate transportation or environmental models.

This interaction, or interface, between systems is made especially complex because of
the different time scales of urban development, transportation, and environmental
changes. In particular, there is a large contrast between urban development and
transportation. Simulations of urban development work on time scales from a year
down to a month, while transportation simulation systems are on the scale of days
down to seconds. Environmental models can be on both scales, for example, the effect
on wildlife habitat works on the urban development time scale, i.e. years or months,

while models of pollution will be on the transportation model scale.
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Select Modelling Approach

The modelling approach is a major design decision, though it will be heavily
constrained by the preceding design choices. Several different urban modelling
approaches have been developed and applied to either planning or research objectives
over the past several decades, and after a hiatus of almost two decades in the U.S.,
there is now an active and rapidly growing array of research activities developing and
deploying new modelling approaches. Three of these methods were used in the
earliest operational urban models, dating from the 1960’s and 1970’s: spatial
interaction, spatial input-output, and linear programming. Microsimulation was
developed in the 1960’s, but not applied to urban modeling until the 1980’s. Since
the 1980’s, the development of discrete choice modeling and the emergence of
cellular automata and multi-agent simulation techniques have created a proliferation
of modeling approaches. We discuss each of these approaches below, and the
supporting role of Geographic Information Systems and the integration of several of
these approaches in the design of UrbanSim.

Spatial Interaction. Models based on the spatial interaction approach include some of
the earliest efforts to model systematic spatial patterns of urban land use. The
approach draws on the model of gravity in physics, which indicates that gravitational
pull increases in proportion to the mass of two objects in space, and decreases with
the square of the distance separating them. Applied to urban settlements and travel,
the gravity model implies that travel between two zones increases with the amount of
activity in the origin and destination zone, and decreases with the square of the travel
impedance between them. The basic model has been extended to model trip
destination choices, residential location choices, and employment location choices
(Putman, 1983). This type of model tends to be limited in the degree of spatial detail
used, and does not represent many behavioral factors influencing location choices, nor
does it represent the role of real estate markets and prices.

Spatial Input-Output. The spatial input-output framework extended the input-output
model developed to represent the structure of the U.S. economy (Leontief, 1966) to
address spatial patterns of location of economic activity within regions, and the
movement of goods and people between zones. For examples of complete urban
models based on this approach, see (de la Barra, 1989; Marcial Echenique & Partners
Ltd., 1995). Zones are treated in a sense as economies that engage in production,
consumption, import, and export within the zone and with all other zones in the
model. These economic exchanges between zones are denominated in monetary
units, and driven by demand for exports. Monetary flows are converted to flows of
goods and services by type of vehicle, and of commuting and shopping trips by mode.
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The approach includes explicit real estate and labor markets, as well as travel demand
modelling, and is structured to generate a static equilibrium solution to changes in one
or more inputs. Zone sizes in operational applications tend to be large relative to zone
sizes used in typical urban travel modelling.

Linear Programming. Linear programming models of land use are rare. TOPAZ
(Dickey and Leiner, 1983), developed in Australia, and POLIS, applied in the Bay
Area (Prastacos, 1985) are examples of models that use this approach. Linear
programming optimizes a global objective function, such as consumer surplus or
utility, across the entire model system. The approach is therefore more suited to
exploration of alternative land use configurations that might optimize transportation
flow, than to reflect realistic behavioral responses to changes in the transportation
system or in land use policies.

Microsimulation. Microsimulation as an approach essentially implies a model that is
applied at the level of the individual. Developed in the late 1950’s and early 1960’s,
the method was initially applied to study the effects of social and economic policies
(Orcutt, 1957; Orcutt, et al., 1961). It has more recently been applied to the
formulation of urban models such as MASTER (Mackett, 1992), DORTMUND
(Wegener, 1985), and UrbanSim (Waddell, 2002). Microsimulation models used for
socio-economic (non-spatial) policies such as taxes are used with a sample of
households, and compute the effects of the tax policy alternatives on the sample of
households to study distributional, or equity, effects. Urban, spatially-explicit
models, have used combinations of discrete-choice models and transition rates, to
predict changes in the state of individuals or households, such as entering or leaving
the labor force, and their choices such as residence location. Once considered too
data-intensive, these methods have been growing in popularity because they allow
modelling at an individual level, where behavioral theory is clearer, and due to
increased interest in detailed characteristics of households for equity analysis and
other reasons, can make individual-level analysis more efficient than cross-

classification of households using multiple characteristics.

Discrete Choice. Discrete choice modelling techniques are widely used in travel
demand modelling, mostly in the analysis of mode choice. Discrete choice models
have been used in some form for much of the last 100 years. However, it was Daniel
McFadden’s Nobel-prize winning Random Utility Theory work and his derivation of
the generalized extreme value class of models (which includes multinomial and
nested logit models) that gave these models a firm foundation within econometrics,
and they have since become standard methods in developing models that attempt to
predict individual choices among a finite set of alternatives (McFadden, 1973;
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McFadden, 1984; McFadden, 1981). Discrete choice models are generic in the sense
that they do not impose overly-restrictive assumptions on the choice process, and
have been shown capable of addressing large and complex choice sets effectively
(Ben-Akiva and Lerman, 1985). Discrete choice techniques can be readily used in
conjunction with other simulation approaches, such as microsimulation.

Rule-Based. Several land use models have been developed in recent years using GIS
and a rule-based set of procedures to allocate population, employment, and/or land
use. Examples include the CUF model (Landis, 1994) and Whatlf? (Klosterman,
1999). Such rule-based applications may have a useful role in making models more
accessible, but there is a risk that model users would interpret the models as having a
more behavioral basis than their rules actually contain. There are also rule-based
methods that are emerging from the field of artificial intelligence, using observed data
to generate clarification trees of behavioral rules that are used in microsimulation,
such as the Albatross activity-based travel model (Arentze, Hofman and van Mourik,
2000).

Cellular Automata. Cellular automata (CA) models have emerged within the broad
field of complex systems as a means of representing the emergent properties of simple
behavioral rules applied to cells within a grid (Wolfram, 1984). The approach has
now been widely applied to urban land cover or land use change (Benati, 1997;
Clarke and Gaydos, 1998; Couclelis, 1997; White and Engelen, 1993). To date,
applications have been principally for research purposes rather than operational
planning or policy, though efforts are underway to make these models useful for
planning purposes. The approach is particularly useful for representing the
interactions between a location and its immediate environment, but tends to reflect a
fairly abstract representation of agents, decisions, and behavior, since the models
focus on simulating the change in state of individual cells. In addition, challenges
remain in reconciling the emergent behavior of cells acting on localized rules with
more systemic or macro-scale behavior, in validating these models using observed
data, and in computational requirements. Potentially the most ambitious use of the
CA approach to date is the TRANSIMS traffic microsimulation system, which has
been recently tested in Portland, Oregon (LANL, 2002).

Multi-Agent Simulation. Multi-agent simulation (MAS) models are related to CA in
that both draw on complex systems theory, but differs from CA in that its emphasis is
on emergent system behavior arising from interactions between agents. Research and
testing of MAS models accelerated rapidly after the SWARM software environment
was developed for implementing models of this type (Swarm, 2002). The MAS

approach is gaining substantial research interest across the social sciences, since it
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opens new avenues to analyze social behavior from an interactive perspective. In
economics, the adoption of MAS has come to be known as Agent-Based
Computational Economics (Tesfatsion, 2000).

Supporting Role of Geographic Information Systems. The growing use of Geographic
Information Systems (GIS) to automate land records and collect environmental data
have led to substantial interest in using the technology in urban modelling. Most of
the applications of GIS are of two forms: integrating the input data for use in urban
models, or visualizing results of the simulation in a map-based display. While both of
these roles are valuable, they do not exhaust the potential applications of GIS
technology. A number of efforts have emerged to operationalize models within a GIS
software environment. An example of this for travel demand modelling is the
TransCAD system (Caliper, 2002).

Integration of Modelling Approaches in the Design of UrbanSim. In the design and
development of the UrbanSim system, several of the preceding modelling approaches
have been assimilated. It uses microsimulation to model individual choices of
households and jobs. Discrete choice modelling is used to predict location choices of
households and jobs, and the real estate development choices of developers.
UrbanSim uses GIS to integrate input data and to display model results. Many of its
computations involve spatial analysis, integrated into the model system infrastructure.
By using a cell-based representation of land, and a probability of change in
development type from one year to the next that is influenced by the state of
neighboring cells, the real estate development model component parallels models
using cellular automata. Unlike CA models, however, UrbanSim reflects specific
agents (developers) interacting with other agents (households, jobs, and governments)
within a simulation environment, which reflects aspects of multi-agent simulation,
though in UrbanSim the granularity of interactions is presently at the model
component level rather than at an individual agent level.

Prepare input data

Simulation systems, especially microsimulation, require enormous amounts of
detailed data. A large part of any simulation project is therefore the collection of data
and the preparation of that data into a form required by the simulator. The constraints
of available data often influence the choice of model design, though these constraints
are rapidly changing. There has been a historical tendency to assume that more
aggregate data was likely to be less prone to errors than disaggregate data, but this has
not been shown empirically. Moreover, when problems are detected in aggregate
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data, the potential for correcting data errors may be far less than with the original

source data, such as parcel records.

Given the representation of the agents, choice processes and interactions depicted in
Figure 3, and the assessment of model requirements, the data needed for model
development can be more clearly defined. It is clear that a reasonably complete urban
simulation model will need to represent in its database land and real estate, including
land use, housing and non-residential real estate, the value of real estate, households
and their characteristics and location, jobs and their industry and location, as well as
locational references for planning areas such as local jurisdictional boundaries, travel
modelling zones, and environmental features that might influence development or be
influenced by it.

Parcel data is the most logical and widely available form of source data for
representing information about land and real estate. It is generally available from tax
assessor’s offices and is increasingly available in a GIS database with parcel
boundaries, due to rapid automation of land records. This data, even where available
in electronic form, still contains errors and gaps that require attention, for example
with systematic underreporting of information about properties that are tax-exempt.

Detailed data on individual households is difficult to come by, but census data can be
used to synthesize individual households (Beckman, Baggerly and McKay, 1995).
This synthetic approach involves using the iterative proportional fitting (IPF)
algorithm (Deming and Stephan, 1940) to estimate the joint distribution of household
characteristics for census tracts or block groups, by using the correlation structure of
the Public Use Microdata Sample (PUMS) and the marginal distribution of household
characteristics as given by the census Summary File 3A tables.

Data for businesses establishments can be obtained either from governmental records
collected for unemployment insurance purposes, or from commercial sources. These
data, like parcel records, may contain random errors and systematic gaps, such as the
underreporting of governments, schools, and self-employed proprietors. In addition,
there may be reporting problems with employment being listed at a headquarters or
accounting office location for a multi-establishment firm, rather than at each branch
facility.

Data for planning and environmental characteristics are generally available in GIS
form, and may be readily integrated into the database for model development.
Environmental features such as wetlands, floodplains, steep slopes, water bodies, and

sensitive habitat such as riparian buffers are useful to include in the database, since
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these often are features that affect land development policies that lead to constraints

on urban development.

The integration of the database used in the application of UrbanSim is depicted in
Figure 4, which shows the inputs and the resulting database consisting of three
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Gridld
Business
Establishment
Files
' Grid Cell
Data
Integration
Process Gridid
Census Data . .
(PUMS Y Total Housmg Unlts_
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Source: (Waddell, 2002).

Figure 4: UrbanSim Data Integration Process
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primary tables: grid cells, households and jobs. The problems of integrating spatial
data as listed here are sizable, and beyond the scope of this paper to fully describe
either the difficulties or reasonable strategies for overcoming them. GIS and database
technology, as well as data mining and statistical techniques such as Multiple
Imputation of Missing Data (Schafer, 1997) are making these challenges of
assembling a robust, micro-level integrated urban database for urban simulation much
more manageable than in the past.

Develop model specification

Given the data, the individual model components of the simulation system must be
specified. This is typical, since an urban simulation system contains so many
interacting agents and processes that it is impossible to specify a single joint model of
them all. It would be impossible to estimate parameters for a single model
encompassing all the agents and choices depicted in Figure 3, given currently
available data and modelling technology. It is therefore necessary to separate the
models into reasonably distinct components, especially considering the deep
endogenous relationship that can affect a set of choices.

There are many plausible ways that the models could be structured as modular and
interacting components. The approach taken in the design of UrbanSim is to represent
the model system as a set of interacting models for demographic transition, economic
transition, household relocation, employment relocation, household location choice,
employment location choice, real estate development, and land prices. Each of these
is described briefly below.

Demographic Transition. Interfaces with exogenous (external) information from
macroeconomic models that predict the total population, and potentially other
aggregate information about population characteristics such as household size and
income distributions. The model component compares these anticipated totals for
future years to the UrbanSim household database, to determine how many households
of each type must be added or removed from the database in order to be consistent
with the external assumptions about total growth or decline of that type of household
over the period of one year.

Economic Transition. Serves the same function as the demographic transition
component, and adds or removes jobs from the UrbanSim database to achieve
consistency with the external assumptions about economic growth or decline in each

economic sector over the period of one year.
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Household Relocation. Predicts the probability that a household currently located in
the region will move over a period of one year. Is sometimes referred to as residential
mobility.

Employment Relocation. Predicts the probability that a job in a given sector and
location will be moved from that location during a year. Is sometimes referred to as
employment mobility.

Household Location Choice. Examines all households that have been added by the
demographic transition model, and those that have been selected to move within the
current year by the household relocation model, and predicts their location choice
from available (existing and vacant) housing units.

Employment Location Choice. Examines all jobs that have been added by the
economic transition model, and those that have been predicted to move by the job
relocation model, and for each job chooses a location from the available job spaces.

Real Estate Development Choice. Predicts the probability that each location will
experience a real estate development event over a one year period, given the
characteristics of the location and the market conditions, and if a development event is
predicted, predicts the type of development that would occur.

Land Price. Uses location and real estate characteristics to predict land prices at each
location, which then informs the location choices of households, firms, and
developers in the subsequent time period.

The specification of each of these model components involves the choice of the form
of the dependent variable, the functional form of the model, and the independent
variables to be included in the model. A brief compilation of the dependent and
independent variables, and the functional form of the key model components in
UrbanSim is shown in Table 3, with the variables used in each model identified by the
presence of a symbol in the respective columns.

The model specification leads from the type of process, value, or choice to be
predicted. Continuous, numeric, values are typically estimated using linear regression
of some type. See references for the theory of linear regression (Greene, 2003). In
UrbanSim, hedonic, multivariate, regression is used to predict land prices. Many
processes can be described as categorical and unordered, for example choice
processes such as location choice, development choice, mode choice, route choice,
and activity choice. These models are typically specified as probabilistic discrete
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choice models. There exists a large number of different choice models, with the logit
model or a logit model variant as the most common types (Ben-Akiva and Lerman,
1985).

Table 3: Specification of UrbanSim Model Components

Variable Household Employment Real Estate Land
Location Location Development Price
Choice Choice Choice

Dependent Variable 150 meter 150 meter Development Log of
grid cell grid cell event land price

Functional Form Multinomial Multinomial Multinomial Multiple
logit logit logit regression

Independent Variables

Cell:

Land use plan ° °
Housing price ° °

Housing density ° ° °
Housing age ° ° °
Neighborhood:

Distance to urban edge L o
Recent development trends °

Land use mix ° ) °
Land values ° °

Jobs by sector ° °

Highways/Arterials ° ° °
Regional:

Job/Population Accessibility ° ° ° °
Vacancy rates ° °

Estimate model parameters

After the specification of individual models and data preparation the model
coefficients must be estimated. The estimation methods are most typically a least
squares method, the method of maximum likelihood, or probabilistic simulation in the
case when a non-closed form likelihood describes the model. The least squares
methods are widely known and handle a variety of linear and non-linear forms. Many
non-linear forms can be converted to linear-in-parameters form and handled with

linear regressions, but otherwise non-linear least squares can be used. In addition to
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single equation models, least squares methods exist for simultaneous systems of
equations, most notably seemingly unrelated regression, two-stage least squares, and
three-stage least squares. For extensive details on least squares and maximum
likelihood methods see references (Greene, 2003).

Probabilistic models are most typically estimated with the method of maximum
likelihood, if the likelihood function of the model has a closed form representation.
However, for non-closed form likelihoods, methods exist to estimate the coefficients
using probabilistic simulation. A popular such method is the Markov-Chain Monte
Carlo simulation (Gilks, Richardson and Spiegelhalter, 1996), which is not only
robust in the presence of complex model structures, but also provides information on
the structure of uncertainty in the joint distribution of the parameter estimates.

Calibrate model system

Following the estimation of the model coefficients, the urban simulation system as a
whole must be calibrated. The best way to do this is to have complete data for two
time periods. The system is then set up to run from the first time period as its initial
condition to the second time period. The system results can then be compared with the
data from that time. This allows inaccuracies to be detected and will also potentially
show errors in the design. The interaction of the individual models can be calibrated
at this stage as desired.

Develop Software Application

Before a model system can be used, it must be implemented in a software application.
In many modelling projects, the software is developed through a customized process
that implements a model to the exact specifications of the model and the data used in
developing it, but not in a way that facilitates making changes in the data or
specification. These tend to be prototype software applications that rely heavily on
‘hard-coding’ of assumptions about model specifications and data, and are therefore
not very general or reusable. Good software engineering practices can significantly
increase the modularity of the software, and improve its performance, ease of
maintenance and evolution to address changes in data and model specifications.

Open Source licensing of software is also valuable in increasing the transparency and
accessibility of the source code, and has been shown in systems such as Linux to
produce extremely robust code. The UrbanSim software application is based on the
Java programming language, and adopts an Open Source licensing approach. It is
freely available on the project web site at http://www.urbansim.org.
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Modularity is increased in the UrbanSim system by forcing all data handling by
models to go through a model coordinator. Data are stored in a standard SQL
database, such as MySQL, and are loaded into memory to increase performance.
Simulation results are stored in the database, making the simulation inputs and results
accessible from other software applications such as GIS, charting and reporting tools.

Validate model system

To validate the model it is necessary to run it separately on data that was not used to
estimate the models or calibrate the system. To do the validation, data is needed from
a time period to serve as initial condition and from a later period to serve as a
comparison with model predictions. Validation is crucial go give users confidence in
the system. Goodness of fit during estimation and calibration is not proof of the
quality of the model, since any model can be made to closely match given conditions.
It is only when a model is used for different conditions that its predictive power is
given. A historical validation of the UrbanSim model applied to Eugene-Springfield,
Oregon has been previously documented (Waddell, 2002). Practical constraints on
creation of historical data for use in validation often preclude the feasibility of
historical validation of this sort, but this remains one of the most informative ways to
assess the model before putting it into operational use.

Operational Use

The last step is the actual operation of the model. Data is prepared for as recent a time
period as possible. The model users then prepare a baseline scenario that contains the
assumptions against which other scenarios will be compared. Generally, for planning
purposes, the baseline scenario is a do-nothing or a current-policies set of assumptions
that attempt to represent the current set of policies that are in place, with no major
policy changes. Alternative scenarios can then be constructed that contain different
assumptions regarding policies and macroeconomic conditions. Any of the policies to
which the model design and specification is sensitive can be included in a scenario.
For example a scenario can include a proposed highway expansion at some future
year, or a new light rail system. Also, land policies such as land use plans or urban
growth boundaries can be added, removed, or changed, in addition to zoning changes.

Since no model will perfectly predict the future, model predictions are more useful as
an indication of the likely direction and magnitude of effects of an alternative scenario
when compared to a baseline scenario, than for use as a set of absolute predictions

about the future. In some model applications, information on uncertainty of the
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outcomes and of the differences between scenarios can be presented, which adds

valuable information that can be used to inform policy choices.

CONCLUSION

This paper has sought to explain the context, policy applications, and major design
choices in the process of developing an operational urban simulation model, with
specific reference to UrbanSim as a case study in model design. We have argued that
careful design at each stage of the process is needed to make the model sensitive to
the policies of principal concern, to make the data and computational requirements
manageable, to make the model usable by staff and other users with appropriate levels
of training, and to fit into the operational practices of the relevant organizations.

To be useful (relevant) in the policy process, model design should carefully integrate
the elements discussed here into a design that fits well into a specific institutional and
political context, and evolve to adapt to changing conditions. This introduction to the
design process sets the stage for more in-depth discussion of specification and
operational issues in model use.

The UrbanSim system is being further developed to adapt to varying data availability,
different factors influencing agent choices in locations ranging from newer and
rapidly growing U.S. metropolitan areas to older regions with a declining core, as well
as issues that arise in metropolitan areas in other parts of the world. Considerable
effort is now being devoted to developing environmental components of the system
such as land cover change, and to developing a robust user-interface and tools for
visualization and evaluation of policy scenarios.
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