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ABSTRACT

This paper presents the results of adesign process for new integrated land use and transportation models
recently completed for the Puget Sound Regional Council (PSRC). The design process began with an analysis of
policy requirements and assessment of the current modelsin use at the PSRC and nationally, and used an iterative
and participatory approach to ensure that model requirements were clearly identified and that the proposed model
design would address these requirements. The development of the model requirements drew on a broad survey of
the literature and of operational models, and the proposed model design offers aunique approach to the devel opment
of anew land use and travel model system that corresponds to a behavioral integration of the choice processes
across relevant time frames.

INTRODUCTION

This paper contains an assessment of requirement for new model development at the Puget Sound Regional Council
(PSRC) and a set of recommendations for model design and implementation. Based on an assessment of emerging
requirements for the use of land use and transportation models to support a growing range of policy questions
relevant to transportation, land use and growth management, the Regional Council initiated in 2000 an effort to
design new land use and transportation models as along-term model improvement effort. Thefirst stagein this
effort was the identification of requirements for new model development, which emerged principally from an
assessment of the kinds of policies that the Regional Council intendsto examine, and the indicators and evaluation
measures that need to be generated by the models to support systematic assessment of policy scenarios (Waddell,
Schroer and Outwater, 2001). A broad review of the literature and of operational models was also conducted as part
of this project, but space constraints preclude thorough treatment here, and readers are referred to thefinal report of
the project for amore detailed review of the literature and of operational models (Waddell et al, 2001), and to other
recent reviews of land use and travel models (Miller, Kriger and Hunt, 1998; Dowling et al, 2000; U.S. EPA, 2000).
The project culminated in the devel opment of recommendations for the design of new integrated land use and travel
model s that would advance the state of the practice and respond to the policy requirements of the region (Waddell,
Outwater and Bhat, 2001).

The principal contributions of this paper are twofold. The first contribution is the documentation of a
policy-driven needs analysis for new integrated land use and transportation models in amajor metropolitan areathat
is attempting to mitigate the adverse consequences of rapid growth through arange of transportation and growth
management policies. The second is theresulting model design, which attempts to draw on and integrate advanced
practice, and integrate the modeling of land use and travel behavi or in an innovative way that substantially blurs the
traditional boundaries between land use and transportation models (Waddell, 2001).

In the next section, we examine the policy context for the use of land use and transportation models at the
PSRC. Wethen turn to an assessment of requirementsfor new model devel opment, including asurvey of staff from
the PSRC and constituent local governments, describe the recommendations for a behaviorally integrated model
system to address these requirements, and discuss implementation issues. A brief conclusion identifiesthe main
advantages of the proposed approach.

The Policy Context

In Washington, asin most of therest of the United States, growth management isafocal point of policy discussions
as municipalities struggle to accommodate demands generated by growing population and growing average resource
consumption. The United States Census figures show that the population in the four-county Puget Sound region has
reached 3.8 million (U.S. Census, 2000), an increase of 19% since 1990. Oneforecast for 2020 putsthe popul ation
at 4.26 million, with the average household size dropping to 2.34 (PSRC, 1999). Housing prices continue to
escalate, the salmon listing imposes new restrictions on development, and congestion continues to worsen. At the
sametime, tax limitation initiatives limit the ability of government to raise taxes to fund public infrastructure
investments. Planners and policymakers strive to find the delicate balance between consumer demand,
environmental quality, water resources, and social needs. The Regional Council also weighs these conflicting
demandsinitsrole as a Metropolitan Planning Organization (MPO) and a Regional Transportation Planning
Organization (RTPO).
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The Puget Sound Regional Council is an association of cities, towns, counties, ports, and state agenciesin
the area encompassing King, Pierce, Snohomish and Kitsap counties, with the charge of coordinating growth
management, economic and transportation efforts in the Puget Sound region. While land use decisions are alocal
matter, the Regional Council oversees the consistency of local decisionswith the regional and state planning
requirements. The Regiona Council's responsibilitiesfall into six broad categories: transportation, growth
management, countywide comprehensive plans, regional database devel opment, technical assistance, and discussion
forum. Inorder to fulfill its responsibilities, the Regional Council develops policy initiatives that encourage
development that is consistent with the region's transportation and land use goals. Current high priority items
include:

Congestion Management System (CMS) — Federal |egislation mandates that metropolitan areas of the size of
the Puget Sound Region develop aCMS. Initiativesinclude Commute Trip Reduction programs,
Transportation Demand Management (TDM), Transportation Systems Management (TSM) and data gathering.
Freight Action Strategy (FAST) — Thisisamulti-jurisdictional program, with governmental and private
business partners working to evaluate and consider freight mobility projects as part of the overall regional
transportation strategy.

Intelligent Transportation Systems (ITS) — ITSisamulti-faceted approach to maximizing the efficiency of the
region's transportation system. TS initiativesinclude metering highway on-ramps and distribution of traveler
information.

Monitoring Regional Progress— The Regional Council isworking on aregiona monitoring program that will
track the region's progress towards achieving the goals articulated in VISION 2020.

Pricing — The Regional Council isinvestigating a politically feasible method of changing the pricing of the
Puget Sound Region's transportation system. 1ssues under consideration by the Transportation Pricing Task
Force include a vehicle milestraveled tax, afuel tax, parking charges and a congestion pricing scheme.
Regional Planning Functions— The Regiona Council, as required by federal legislation such asISTEA and the
Clean Air Act Amendments and state legislation such as the Growth Management Act, prepares aregiona
growth management, economic and transportation strategy and regional transportation plan. VISION 2020, the
Regiona Council's comprehensive plan, was updated and adopted by regional cities and countiesin 1995.
Transit Station Communities Project — The Regional Council isworking with 1000 Friends of Washington on a
two-pronged campaign: 1) increase awareness of station area devel opment opportunities throughout the four-
county region, and 2) work directly with local governmentsto provide technical assistance at selected transit
station locations.

The Regional Council uses models to help understand how different investmentsin transportation
infrastructure and programming will affect the Puget Sound region. By creating different sets of policy and
population assumptions, planners can forecast results of different policy scenarios. The structure of the model and
the variables that make up the model will determine which sorts of scenarios the model can test most accurately.

There are anumber of methods to compare different policy scenarios based on the outcomes produced by
models. In developing plansfor the future and assessing alternatives, the Regional Council isrequired by state law
(RCW 47.80.030) to perform L east-Cost Planning (LCP) analysis. LCP placesall alternatives on an equal basisfor
analysis. Thisform of analysis forces consideration of direct and indirect coststo find the most efficient mix of
services. The Regiona Council also uses cost-benefit analysisin evaluating aternatives. This process assigns
monetary values to the costs of providing the program under evaluation aswell as the benefits derived. The process
of calculating the values can be controversial, since some items are intangible and therefore hard to value. A third
method isto compare forecasted valuesfor agreed upon indicators. In addition to using model projectionsto analyze
options while policies are under consideration, the Regional Council uses datato track performance of adopted
policies or strategies. Assessing the performance of various scenarios with the indicators makes informed choices
possible. Thevariables used to construct the model should be also be useful in performance eval uation to make most
efficient use of data.

In preparing for the design of new models over an extended period, the Regional Council staff have been
interviewed to identify limitations or concerns regarding the current model system, that make it difficult to achieve
the kinds of policy analysis outlined above. The model design team also distributed a survey to the Regional
Council members and staff to solicit input on the current models and ideas for revisions. In addition, the recent
period of comment on the Metropolitan Transportation Plan Draft Environmental Impact Statement provided a
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range of comments and concerns by member agencies and others, some of which relateto the current model system.
These concerns provide valuable information that was taken into consideration in designing new models.

The concerns raised about the state of the practicein land use and transportation planning closely match
concernsraised nationally, since the current PSRC models are similar to those used in other metropolitan areas. The
PSRC uses the DRAM/EMPAL models developed by Putman to predict land use, and afour-step travel model. The
Travel Model Improvement Program (TMI1P) organized a conference on Land Use Modeling in 1995, at which
practitioners, consultants, and academics reviewed the state of the practicein land use and transportation modeling
and raised suggestions for model improvement. These concernsand recommendations are summarized in Table 1.

[Table 1 here]
REQUIREMENTSFOR NEW MODEL DEVELOPMENT

Based on the assessment of the Regional Council policy context, and the state of operational land use and
trangportation modeling in the U.S,, the followi ng draft requirements and recommendations were proposed in
January, 2001 to guide the long-term design of new Regiona Council land use and transportation models. The
reguirements were given as fundamental requirements that any proposed model design must meet if it isto be
considered acceptableto the Regional Council. Recommendations are featuresthat the model design should attempt
to address, but must be weighed against costs and other considerations.

The requirements are divided into categories based on design elements identified for the model review
process. These will form the structure for the subsegquent working papersthat provide areview of the literature and
of operational models, and offer recommendations for the design of new land use and transportation models.

Policy Analysis

Analyze Effects of Transportation Pricing Policies The model system must be sensitive to the effects of
trangportation pricing policies on both travel behavior and land use.

Analyze Effects of Growth Management Policies

- Aspart of the review of local comprehensive plans for consistency with the requirements of the Growth
Management Act, the model system must be able to address the impacts of proposed land use and transportation
policies on housing affordability.
The model system must be able to support the role of the Regiona Council in monitoring devel opment and
compliance with the objectives of VISION 2020 and the Growth Management Act. Use of monitoring
information should aso be made in ongoing model refinement.

Analyze Effects of Land Use Palicies
In order to evaluate the potential effects of land policies on achievement of the urban villages strategy outlined
in VISION 2020, the model system must be sensitive to policies that are designed to promote densification,
infill and redevel opment.
The model system must be sensitive to the effects of land use policies such as comprehensive land use plans,
zoning, and the Urban Growth Boundary on real estate devel opment and the location of households and firms.

Analyze Short and Long-term Policy Effects The model system must be able to assess policy effects over periods
ranging from lessthan 5 yearsto 30 years.

Support Participatory Policy Process The model system must be designed to support aparticipatory 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 resultsis required, and the models must be explainable to anor-
technical audience.

Support Scenario Assessment The model system must support the creation of performanceindicatorsand evaluation
measures suitable for use by the Regional Council in evaluating aternative policy scenarios using, at a minimum,
Least Cost Planning and Cost Benefit Analysistechniques.
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Travel Demand

Analyze Travel Using Activity-based Framework The new travel models must be based on an activity-based
framework in order to adequately represent the complexity and constraints of travel behavior, and influence of land
use and transportation policies on travel behavior.

Analyze All Modes of Travel
The model must allow comparison of different transit modes, for example rail vs. bus.
The new model system must be capable of adequately representing norrmotorized travel behavior.
The model must alow comparison of different auto modes of travel, for example HOV with 2 or 3+ person vs.
OV.

Analyze Effects of Land Use on Transportation To support integrated planning, the model must recognizetheimpact
of land use patterns on demand for transportation.

Analyze Induced Demand The model system must allow analysis of demand induced by transportation system
improvements.

Analyze Effects of Environmental Factors The model system must 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.

Analyze Effects of Travel Demand Management (TDM) Policies The model system must 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).

Land Use and Demographics

Analyze Effects of Transportation on Land Use To support integrated land use and transportation planning, the
model must recognize the effects of multi-modal transportation system and policy changes on real estate
development and the location patterns of households and firms.

Analyze Effects of Urban Design The model system must be sensitiveto the effects of urban design elementssuch as
mixed land use, density, street pattern, transit service and pedestrian amenities on household and firm location and
travel behavior.

Analyze Household Choices

- Thenew model system must be able to analyze the residential movement and location choices made by
households, and the influence on these choi ces of relevant housing and location characteristics.
The new model system must be able to model the choice of household membersto participate in the labor
market, and to choose awork location.
The new model system must be able to model the vehicle ownership choices of households.

Analyze Household Choice Interactions The new model system must 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.

Analyze Demographic Processes The new model system must be able to represent demographic processes such as
the change in household size and structure, and the ageing of the population.

Analyze Real Estate Development
The new model system must 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.
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Support Analysis of TOD The new model system must be able to support the analysis of Transit Oriented
Development, including real estate devel opment, household and business location, to assist in station area planning.

Analyze Economic Activity
The new model system must incorporate amacroeconomic component to model economic growth in theregion
and its relationship to internal and external economic drivers.
Analyze the factors and policiesinfluencing the location choices and real estate demands of different firmsin
different industries.

Freight

Analyze Commodity and Freight Transport The new models must address freight and commodity transport within
and through the region.

Analyze Modal Diver sion of Goods Movement The new models must address modal choicesand tradeoffs of moving
goods by truck, rail, barge or air.

Assignment and Traffic Operations

Analyze Multimodal Assignments The model system should be able to produce multi-modal travel assignmentsfor

roadway, transit and possibly non-motorized systems.

Analyze Traffic Operations

- Themodel should 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.

Analyze Intelligent Traffic Systems (ITS) The model system should provide output relevant to policiesinstituted as
part of ITS such as an incident management system or public information distribution.

Data/Visualization and Evaluation

Promote Common Use of Data

- The Regional Council should take into account the use of its model input, structure and output by other
agencies, member governments and other outside users.
The model system must be developed in away 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.

Manage Data Needs The new model system must be manageable from the perspective of its data requirements.
Achieve Reasonable Performance— The model system must 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.

Support Visualization Techniques

- Themodel system must providetoolsto facilitate visualization of model results and comparison of scenariosin
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.

Allow Multi-Modal Cost-Benefit Analysis This ability would enable model usersto make more informed
transportation investment decisions.
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Perform Uncertainty Analysis The model must address uncertainty in the models and produce ranges of values for
outputs rather than specific results to be more accurate.

USER-NEEDS ASSESSMENT

In order to obtain systematic input on the draft requirementsfor the model development effort, the Regional Council
distributed a survey by email, on paper, and on the web to many public agencies around the Puget Sound Region, in
addition to their own staff. Respondents rated 31 potential requirements for the design of new land use and
transportation models. Sixty-one individualsresponded to the survey over atwo-month period. The respondents
work primarily in transportation-rel ated positions (45 of 61 respondents, or 74%), at a mixture of jurisdictional
levels, asshownin Table 2. The respondentsincluded a mix of perspectives, from technical staff at the PSRC and
cities and counties in the region that represent amodel user view, to policy makers and advocates that understood
the policy requirements and use of models to support policy analysisbut werelessinterested in thetechnical details
of the modeling. Responses were roughly balanced from email, paper and web media. While the sample certainly
does not constitute a random or representative one for quantitative analysis purposes, it does provide adiverse and
systematic effort to obtain input on the priorities for model development in the region.

[Table 2 here]

Respondents rated each of the 31 requirements from “Very Important” to “Opposed to Inclusion”. For the
purpose of analysis, requirements rated Very Important received 2 points, requirements rated Important received 1
point, requirements rated Not Important received O points, and requirements rated Opposed to Inclusion were
omitted from the average. Of the 31 requirements, only one, Analyze Effects of Environmental Factors, received
four or more ratings of opposed to inclusion. A summary of these survey resultsis shownin Table 3.

[Table 3 here]

The most important ratings (with the highest average ratings) went to requirements related to travel demand, policy
analysis, and data visualization and evaluation. The criteria receiving the highest ratings were “ Analyze Effect of
Land Useon Transportation” at 1.76, which was the only item receiving only 1 and 2 ratings, and “Analyze
Multimodal Assignments’, at 1.74. The lowest rating went to “Analyze Intelligent Traffic Systems (ITS)”. The
average responses for individual requirements ineach category vary, but the Policy requirementsare generally rated
as more important than the Land Use and Demographic requirements. When using the category divisions based on
supply and demand, both Demand for Travel and Implementation have two itemsin the top five requirements, while
Measuring Impact and Demand for Travel are represented twice in the bottom five. Demand for Travel, with
“Analyze Effect of Land Use on Transportation” at the top of the requirement ratings and “ Analyze Intelligent
Traffic Systems (ITS)” at the bottom, had the most divergent ratings. Figure 1 shows the number of respondents
who rated each requirement 1 or 2 (important) asthe dark bar, or 3 or 4 (unimportant or opposed to inclusion) asthe
striped area at theright. Shorter barsindicate that some respondents skipped the question. The patterns of responses
in these datareflect substantially on the current planning context in the region, in which growth management has
been in place for adecade, and an integrated vision of transportation and growth management has been articul ated
for sometime, in the Vision 2020.

[Figure 1 here]

MODEL DESIGN RECOMMENDATIONS

The recommendations for devel oping new land use and travel demand models for use by the PSRC and its member
governments draw on the analysis of policy requirements and on areview of the literature and operational models,
aswell ason the results of the model validation and data assessment tasks of this project.

The key highlights of these recommendations for the model design are:

Represent real estate, labor and transportation demand and supply market interactions, as shown in Figure 2,
within an integrated model system, as shown in Figure 3.
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Represent real estate and labor demand and supply, and their interaction, as dynamic processes using annual

time periods, at the parcel level.

Represent the temporal dimensions of activity and travel demand using as much detail that is practical for

implementation. In the mid-term recommendations, we recommend 5 or more discrete time periods per day,

and in the long-term recommendations, we recommend considering using 5-10 minute intervals (or continuous
time) per day. Represent activity locations at the parcel level.

Represent behavior according to agent and time frame, rather than in traditional model components that

artificially separate land use and transportation:

- Household Housing Demand, Labor Supply and V ehicle Demand: Represent household choices of
residence, workplace, and vehicle ownership in an integrated model component of long-term household
choices, influenced by multi-modal (including non-motorized) accessibility to activities.

- Person Vehicle Allocation, Activity Generation and Tour Pattern: Represent intra-household vehicle
alocation, activity generation and scheduling, and stop and tour locations and characteristics, within an
integrated personal travel demand model component, closely interacting with long-term household choice
model.

- Business Real Estate and Labor Demand, Commodity Transport Demand: Represent business choices of
location, employment level, and commodity transport in closely integrated model components.

- Real Estate Supply: Represent devel oper choices of new construction and redevel opment of housing and
nonresidential space in an integrated model component.

- Transportation Supply: Represent multi-modal transportation system supply, including non-motorized
modes.

Real Estate Market Interactions. Represent interactions of real estate demand and supply, and the resulting

vacancy and price effects.

Labor Market Interactions: Represent interactions of labor supply and demand, and the resulting vacancy and

wage effects.

Transportation Market I nteractions: Represent interactions of travel demand and supply, and the resulting

patterns of congestion delay and travel volume.

These recommendations for the design of the new models are further detailed by model component in
Tables 4 through 7, addressing the land use, passenger travel, freight, and assignment components, respectively.
Table 8 detail s the recommendations for representation of agents, objects and behavior for the land use and travel
models.

MODEL IMPLEMENTATION RECOMMENDATIONS

Given the model design recommendations highlighted in the preceding section, the following recommendations
address the questions of implementing the proposed model design. Here, we differentiate more clearly between
short-range, mid-range and long-range recommendations, and deal with more specific aspects of financial and time
constraints, and opportunities for leveraging resources through cooperative development efforts. For brevity, short-
term recommendations closely tied to the existing PSRC models are omitted from this discussion.

Mid-term Implementation

In the mid-term (through mid-2005):

Replace the current land use and travel demand forecasting models with an integrated land use and activity-

based model:

- Replace DRAM/EMPAL land use models with anew model that reflects the characteristics proposed in
Table 4.

- Integrate long-term household choices of residential location, workplace, and vehicle ownership to reflect
their interdependence.

- Interact with short-term choices of daily activity and travel through multimodal access measures.

Replace the trip generation, distribution, mode choice and time of day components of the current travel demand

models with an activity-based travel model system with the characteristics proposed in Table 2. This model
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will be adapted from the Portland and San Francisco activity-based models, using a discrete-time approach with

5 periods per day.

Add avisitor trip model to the resident travel model component. Thiswill involve conducting atravel survey of

visitor behavior.

Integrate regional economic, land use, activity based travel model components within an integrated software

application, with the following extensions:

- Add dataintegration component that assistsin diagnosing data quality and consistency, and in the
integration and refinement of datainputs for modeling.

- Add evauation component that includes flexible construction of indicators, and graphical visualization of
resultsin charts and maps.

- Add aweb-based user interface to allow distributed use of model system, as shown in Figure 3.

Develop ingtitutional partnerships to fund the new regional model development, implementation, and

maintenance.

Long-term Implementation
In the long-term (through 2007):

Replace the traffic assignment component of the travel models with a dynamic microsimulation traffic
assignment model using 5-10 minute time intervals.

Adapt the activity-based travel model to a continuous time (duration) approach to simulate travel demand using
5-10 minute time intervals, consistent with dynamic microsimulation traffic assignment.

Expand the activity-based model to simulate travel demand for weekends. Thiswould involve conducting an
additiona household travel survey on weekend days of 2-3,000 households.

Adapt the regional economic model to a multi-region model structure to support commodity-freight transport
and better reflect economic linkages to other urban areas within and near Washington.

Expand and update the commodity-transport model component linked to the multi-region economic model.
Develop an extended scenario evaluation component, incorporating least-cost planning, risk and uncertainty
analysis, and valuation of social and environmental externalities.

CONCLUSIONS

The practice of land use and transportation planning is evolving rapidly, and analytical toolsto support
these evolving requirements are needed. Substantial progress in disaggregate land use modeling and in activity-
based travel modeling provide a solid foundation to build on, but more work is needed to implement a behaviorally
based and integrated modeling approach as outlined in these design recommendations. The model recommendations
share various features with ‘ideal’ model proposed by Miller, Kriger and Hunt (1998), and those implemented in
recently devel oped land use models (Waddell, forthcoming) and activity based travel modeling (Bhat, 2001), but
advance and integrate these designsto respond to the policy requirementsin the Puget Sound, and organize them
into aphased implementation plan.

The vast mgjority of the benefits to implementing the recommendations are those associated directly with
addressing the design requirements, which are stated needs that the model users haveidentified. These benefitsare
not easily quantifiable, specifically because they reach much farther than the benefits to the Puget Sound Regional
Council directly and will benefit all member agencies. The new modelswill allow the PSRC and its member
agencies to address many more planning applications than they are able to do with the current models. These are
summarized bel ow:

Evaluate freight mobility projects and their impacts on passenger mobility

Evaluate transportation pricing policies and their impacts on travel and land use choices

Evaluate Transit Oriented Design (TOD) projects and their impacts on local areas

Evauate congestion management system (CMS) and transportation system management (TSM) policies
Evaluate Intelligent Transportation Systems (ITS) projects

Evaluate traffic operations and localized impacts

Evaluate impacts of visitor travel
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Evduate impacts of weekend travel on the environment and provides better information on weekly, monthly or
annual impacts

Evaluate the impacts of the full range of transportation projects on land use

Provide for least-cost planning, risk and uncertainty analysis and valuation of social and environmental
externalities

The new models are also designed to be more useful and user-friendly to PSRC and its member agencies,
aswell asto other model users. Highlights of these proposed user interface features are summarized below:

Integrates land use and activity-based travel modelsin a single software package

Allowsfor diagnosing data quality and consistency and provides integration of datainputsfor modeling with a
new data integration component

Adds graphic visualization of results and flexible construction of performance indicators

Allows distributed use of models and model results through aweb-based user interface

It may be important to note that there are additional benefitsto member agencies than those directly
addressing the stated model requirements. These benefits are derived primarily from the recommendations to use
disaggregate data throughout the process. These disaggregate datawould allow member agencies to use the new
PSRC models directly for local and subarea studies within their jurisdictions, thus saving time and effort spent in
disaggregating the regional models for these purposes. The resources currently spent by the member agenciesto
disaggregate regional datafor local use could then be spent in maintaining and updating the disaggregate data used
in the new PSRC models. Consistency of data and models used by the PSRC and its membersis a significant
potential benefit from implementation of these recommendations.

The advantages of developing new integrated land use and activity-based models using disaggregate data
and abehaviora basisthroughout cannot be over-stated. These models are inherently more logical and are more
accurate in aggregate form than their aggregate, 4-step planning model counterparts because they are based on the
same decision-making choices that are present in the real world for both land use and travel decisions.
Unfortunately, the benefits of improved accuracy and reliability at this point are largely anecdotal or qualitative,
since there are not direct compari sons between the proposed modeling techniques and current state of the practice.
It may be important to note that they are not necessarily more accurate in the base year validation statistics, since
models can be “tweaked” to match observed values, but would be more accuratein the forecast years. Comparisons
of improved land use and activity-based models that are compared to existing technigques completed in other
metropolitan areas should be reviewed when they become available to better understand these impacts.

The recommendations for mid-term model implementation are aimed to draw on the leading edge of
current practice and make modest extensions in ways that accomplish significant aspects of theprioritiesfor model
development, while maintaining a manageable level of risk. These recommendations do not rely on substantial new
research and development. The long-term recommendations include aspects that are more theoretically appealing,
such as continuous time treatment in the activity-based modeling, but involve more research and development, and
hence are placed in the long-term planning horizon in order to take advantage of new devel opments over the
intervening time frame.

In addition to these considerations regarding the model design recommendations, which have been well
received by the PSRC and its constituents, we close with an assessment of the participatory process for developing
priorities for model development. Theeffort to incorporate input from plannersand policymakerswithin and
outside the PSRC significantly broadened the nature of the recommendations, by reflecting a diversity of opinions
about policy strategies from road capacity to transit, non-motorized, demand management, and land use strategies.
Theinitial model requirements incorporated into the survey based on andysis of the PSRC planning context and
policy agendawere not radically altered as aresult of feedback through the survey. The results substantially
confirmed preliminary assessments of model development priorities, and provided asolid basis for developing the
final model design and aphasing strategy for itsimplementation. It may also be the case that incorporating broad
and diverse input on the policiesthat regional land use and transportation model s need to be designed to be sensitive
to will provide amore robust future for the use of modelsin a participatory policy process. The PSRC appearswell
poised to make significant progressin this direction.
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Table 1.Land Use M odels Concer ns I dentified by Professional Users
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Representational

Review of Existing Models
Many incompatible zonal systems are being
used.

Lack clear, describable basis of theory

Public transit is not adequately represented in
land use or transportation models.

Too little behavioral content to land use
models

Not capable of accounting for urban
development as an incremental process; static
cross-sectionaly.

Suggestions for Development

of New Models

More sophisticated about varying temporal and
geographic scales relevant to different
processes in urban development

The underlying theory should be clear.

Be behaviorally based.

Operational Insufficient validation and testing of modelsin Minimum for model development five years.
us.
Existing models do not adequately incorporate With travel costs becoming less important
the land development decision-making process.  determinants of location choices, new models
should not be structured to use travel costs as
the principa influence on location.
Not sufficiently linked to consumer choices. Move towards random utility-based models
Inadequately linked to transportation or Should be modular in nature, not monalithic.
environmental models.
Land use models are far too dependent on
trangportation modeling output and
assumptions.
Insufficient interaction between land use and
transportation models.
Require excessive resources, effort, execution
time.
Analytical Most existing models are not sufficiently Place grester emphasis on policy analysis,

senditive to policy issues.

Not geared to understanding by non-modelers.
Do not alow avaid assessment of the
interaction among land use, transportation, and
environmental impacts.

Data, especially employment data, isa
tremendous problem.

Suitable for predicting urban sprawl, but are
unable to assess controlled growth.

planning, and sensitivity testing within an
integrated framework.

Should draw on disciplines, including
economics, geography, logistics, computer
science, datistics, and planning.
Microsimulation, athough data hungry, should
be considered in any new modeling system.

GIS and remote sensing should be considered
in any new models developed.

Must be capable of bi-directiona
aggregation/disaggregation.

Cost-effectiveness of the modeling strategy as
awhole should be studied.
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TABLE 2 Survey Respondents by Job Focusand Jurisdictional L evel
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City County Region State Non- Totd
governmental
Environment 1 1 2 4
Land use 5 7 12
Transportation | 8 11 17 8 1 45

The row headings indicate the focus of the organization where respondents work; the column headings show the

scale of the jurisdictions.
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TABLE 3 Summary of User Needs Survey Results
Category Description Very Imp. Not Avg. | Oppos
Imp. Imp. | Rating ed
2 ) (V) (omit)
Policy Analyze Effects of Transportation 30 26 1 1.51 1
Pricing Policies
Analyze Effects of Growth 32 24 3 1.49 0
Management Policies
Analyze Effects of Land Use Policies 38 19 2 1.61 0
Analyze Short and Long Term Policy 20 33 5 1.26 1
Effects
Support Participatory Policy Process 23 22 12 1.19 0
Support Scenario Assessment 25 26 5 1.36 1
Travel demand Analyze Travel Using Activity-Based 22 30 4 1.32 0
Framework
Anayze All Modes of Travel 37 20 1 1.62 0
Analyze Effects of Land Use on 45 14 0 1.76 0
Transportation
Analyze Induced Demand 26 28 2 1.43 1
Analyze Effects of Environmental 12 26 17 0.91 4
Factors
Analyze Effects of Travel Demand 22 29 6 1.28 0
Management
Land use/demographics Analyze Effects of Transportation on 29 28 1 1.48 1
Land Use
Analyze Effects of Urban Design 23 27 9 1.24 0
Analyze Household Choices 11 39 8 1.07 0
Analyze Household Choice Interaction 14 33 11 1.05 0
Analyze Demographic Processes 20 31 8 1.20 0
Anayze Real Estate Devel opment 14 35 9 1.09 1
Support Analysis of TOD 21 28 8 1.23 1
Analyze Economic Activity 14 27 15 0.98 2
Freight Analyze Commodity and Freight 24 26 7 1.30 0
Transport
Anayze Moda Diversion of Goods 14 28 14 1.00 1
Movement
Traffic assignment and Analyze Multimodal Assignments 45 11 2 1.74 0
operation Analyze Traffic Operations 16 30 11 1.09 1
Analyze Intelligent Traffic Systems 7 31 18 0.80 2
(TS
Datalvisualization and Promote Common Use of Data 38 16 2 1.64 0
evaluation Manage Data Needs 37 17 2 1.63 0
Achieve Reasonable Performance 16 24 13 1.06 1
Support Visualization Techniques 34 21 2 1.56 1
Allow Multimoda Cost-Benefit 20 30 6 1.25 1
Andysis
Perform Uncertainty Analysis 16 21 17 0.98 2
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TABLE 4 Land Use Modd Recommendations
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Element Options and Recommendations Reasons for Recommendation
(in bold)

Tempora Framework Cross-Sectional * Accommodates many different timescales
Dynamic relevant to land use;

More useful for policy analysis;
Consistent with behaviora approach;
Can take advantage of panel survey data

Tempora Detail End-point forecast Best practiceinthe U.S.
5-10 year steps*
Annual

Spatia Detail Forecast Analysis Zones (50-200) * Easy to check for dataerrors;

Traffic Analysis Zones
Grid Cells (30— 150 meters)
Par cels

Good for policy analysis;
Partial Datais available for PSRC region

Theoretical Frameworks

Spatia Interaction *
Spatia Input Output
Behavioral/Decision-Theoretic

Behavioral realism;

Transparency needed for credibility;
Good for policy analysis;

Unifying approach for model

Anaytical Methods Optimization * Allows modeling of choices
Discrete Choice
Bayesian

Agent Detall Aggregate cross-classification into Moreefficient to maintain list of attributesthan
types* many cross-classifications;

Microsimulation list with attributes

Ease of maintaining database;

Supports equity anaysis;

Supportive of discrete choice framework
because uses disaggregate data;

With many cross-classifications, dataunwieldy.

Land Use-Travel Model
Integration

Loosely coupled *
Integrated

Consistent approach; Reflect substitutions
across short and long-term choice behavior.

M acro-economic Model
Integration

Link to STEP Model in mid-term *
Develop Multi-region Hybrid 1/O-
Econometric Model in long-term

Support freight modeling;Interact with
statewide scale models;
Incorporate bottom-up effects of policies.

User-specified Events

No direct representation *
Accommodate user -specified events:
major development, business, or
policy change

Recognize limitations of models to predict
events such asamajor corporate relocation;
Do sensitivity analysis on effects of an event;
Incorporate information available to planners.

* Denotes current practice at PSRC
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TABLE 5 Passenger Travel Model Recommendations
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Element Options and Recommendations Reasons for Recommendation
(in bold)

Time-Unit for Analysis Weekday * Captures different characteristics of
Weekday and Weekend weekend and weekdays (i.e., peaking
Entire week characteristics);

Supportsair quality analysis.

Intra-individual variations
in activity-travel pattern

Ignored (i.e, the activity-travel patternis
modeled based on data from one weekday
or one weekend day or one week,
depending on the time unit used in the
analysis) *

Recognized (requires multiple time-unit
observations)

Datalimitations
No operational models that include
this.

Temporal Representation

Discretewith further consideration of
continuous

Peak versus off-peak *

More disaggregate time periods (for
example, 4-6 time periodsin the day)
Continuous-time

Usefive or six time periods for better
temporal resolution;

Supports policy analysis (i.e.,
congestion pricing);

Practical implementation issues to
move towards continuous

Spatial Detal

Forecast Analysis Zones (50-200)
Traffic Analysis Zones*

Grid Cells (30— 150 meters)

Par cels

Same as land use mode! reasons

Behavioral Analysis

Aggregate trip-based approach *
Disaggregate trip-based approach with no
interactions among trips

Disaggregate trip-based approach with
indirect recognition of interactions among
trips

Disaggregate tour-based approach with
interactions among stops in atour, but no
interactions among tours Disaggregate tour-
based approach with indirect recognition of
interactions among tours

Activity-based approach with explicit
interactions among toursand stops

Supports policy analysis (i.e.,
congestion pricing);

Recognizes choices of household
members

Modeling Focus

Trip generation *

Activity scheduling only; considers activity
generation as pre-determined; i.e., assumes
that number of stops of each activity type,
and one or more attributes of the stops as
given and models sequencing and time-
scheduling of entire activity-travel pattern
Activity generation and scheduling, but no
explicit integration with traffic assignment
Activity generation and scheduling, with
no explicit integration with traffic

The current activity-based models are
implemented thisway so thisisa
practical limitation

* Denotes current practice at PSRC
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TABLE 5 Passenger Travel M odel Recommendations (Continued)

17

Element

Options and Recommendations
(in bold)

Reasons for Recommendation

Interaction Considerations

Interaction in activity-travel and car
alocation decisionsamong individualsin a
household

Interaction in space and time Interaction
between in-home and out-of -home activities

Shows tradeoffsin choices

(In al these cases, the interactions
may be ignored or may be considered
at one of several different levels of
comprehensiveness)

Anaytical Methods

Cross-classification *

Gravity methods *

Statistical (based on pattern-recognitionor a
variant of thistechnique)
EconometricDiscrete choice *
Discrete/continuous model systems
Hazard duration systems

Structural equation systems

Rule-based computational - process systems
Linear and/or Non-linear optimization
formulations

Combinations of the above

Allows for validation of model

Agent Detall

Microsimulation list with attributes
Aqggregate cross-classification into types *

Same as land use mode! reasons

* Denotes current practice at PSRC
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TABLE 6 Freight Forecasting M odel Recommendations
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Element Options and Recommendations Reasons for Recommendation
(in bold)

Time Unit for Analysis Weekday Data currently available
Weekday and Weekend
Entire week

Temporal Representation

Discrete-time

Peak versus off-peak

M ore disaggregate time periods (for example,
4-6 time periodsin the day)

Continuous-time

Showstrucker responseto congestion
Recognizes different temporal
patterns of trucks and autos

Spatial Detail

Forecast Analysis Zones (50-200)
Traffic Analysis Zones

Grid Cells (30— 150 meters)

Par cels

Same as land use models

Representation of Objects

Trucks
Commoditiesby Weight and Value
Parcel Boxes/Shipments

Standard practice
Allowsfor trand ation to mode and
time

Agent Detall

Aggregate cross-classification into types
Microsimulation list with attributes

Dataavailable

Model Approach

Commaodity Flow
Vehicle Models
Hybrid Approach

Use Commodity

Flow approach for regional/national
and international movements

Use Vehicle Model approach for
local or internal truck trips

Commoadity Flow Model
Elements

Small-area projections of employment and/or
commodity ‘flow ends

M ode choice models reflecting shippers’ and
carriers’ decisions

Flow models for various types of pickup and
delivery, collection and distribution operations

Vehicle Model Elements

Trip generation relationships based on other
variables besides employment: |ocational
variables such as prevailing land use and
employment density

Additional trip distribution and traffic
assignment variables besides travel time:
times weighted lower on truck routes and
numbered highways, distance, grades, land
use matches at origin and destination.

There are currently no freight forecasting models at PSRC, so current practice is not noted on thistable.
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TABLE 7 Assignment and Traffic OperationsModels
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Element

Options and Recommendations
(in bold)

Reasonsfor Recommendation

Temporal Representation

Discrete-timefor regional analysis
More disaggregate time periods (for
example, 4-6 time periods in the day)
Continuous-time or 5/15 minute time
slicesfor subareas

Peak versus off-peak *

Consistent with other model
elements

Spatial Detail

Traffic Analysis Zones with centroid
connector strategies and/or Multi-node
loading *

Point- or Link-based

Supports micro-simulation for
subareas

Pedestrian and Bicycle
Networks

None *
Separ ate networks
Representation of delay

Supports policy analysis

Remaining Elementsare provi

ded with multiple optionsthat are all recommendations

Estimation of Speed and Travel
Time

Functional formsto match HCM
relationships

Additional link variables— parking,
intersection spacing, lane widths, grades,
railroad crossings, etc.

Separate intersection and link delay
functionsWeaving sections

Measure variability to represent
reliability

Estimation of Speed and Travel
Time

Auto Passenger Assignments

Muulti-class assignments (SOV and HOV
2, HOV 3+) *

Dynamic assignment/queuing:

Simplified strategies to model multi-link
back-ups due to bottlenecks, Time-slice
trip tables

Auto Passenger Assignments

Transit Assignments

Multi-path *
Capacity restrained (in vehicle or at Park
and Ride L ots)

Transit Assignments

Truck Assignments

Use of Passenger Car Equivalents
Multi-class Assignments by Truck Type
Use of Truck Networks, Prohibitions, and
Preferred Routes

Truck Assignments

Microsimulation Model
Elements

The ssimulation unit: individual drivers
vs. ‘packets vs. flow rates

Transfer of O/D and network information
from assignment models

Driver behavior: gap acceptance,
acceleration, deceleration; individual vs.
typical

Random (stochastic) vs. average
characteristics

Microsimulation Model Elements

* Denotes current practice at PSRC
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TABLE 8 Recommendationsfor Representation

Representation

Recommendations

Agents

Households */Persons
Businesses/Jobs *
Developers

Objects

Land*

Housing

Nonresidentia Buildings

Househol ds* /Persons*

Businesses/Jobs*

Political institutions/Boundaries

Environmenta Features

Infrastructure (roads*, water, sewer, transit service*)
Policies

Land Useand
Demographic
Behavior

Household Choices

- Formation/dissolution/evolution,

- Residential move

- Location choice*

Business Choices

- Creation/dissolution/expansion/ contraction,

- Businessmove

- Location choice (of jobs) *

Real Estate Development Choices

- Deveoper land development,

- Developer property development and Devel oper redevelopment

Person Labor Market Choices

- Labor market (active, inactive)

- If employed, job change, place of work, hours of work/week, work arrangement
(flexible versus fixed work schedule, telecommuting or not, compressed work week or
regular work week.)

Household vehicle ownership *

Real estate prices (prices and rents) and vacancies

L abor market prices (wages) and vacancies

Travel Behavior

Allocation of activities and care among individual sin a household
Generation and scheduling of activities
- Number of stops of each type, number of tours,
- Number of stops during work commuite,
- Number of stops by type and sequence in each tour,
- Maode choice of each tour,
- Stop attributes (time-of-day of participation, activity duration, and location), and mode.
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Analyze Effects of Transportation Pricing Policies
Analyze Effects of Growth Management Policies |
Analyze Effects of Land Use Policies i
Analyze Short and Long Term Policy Effects i
Support Participatory Policy Process i
Support Scenario Assessment i
Analyze Travel Using Activity-Based Framework i
Anayze All Modes of Travel i
Analyze Effects of Land Use on Transportation |
Analyze Induced Demand i
Analyze Effects of Environmental Factors i
Analyze Effects of Travel Demand Management |
Analyze Effects of Transportation on Land Use i
Analyze Effects of Urban Design i
Analyze Household Choices |
Analyze Household Choice Interaction i
Anayze Demographic Processes i
Analyze Real Estate Devel opment |
Support Analysis of TOD i
Analyze Economic Activity |
Anayze Commodity and Freight Transport i
Analyze Modal Diversion of Goods Movement i

Analyze Multimodal Assignments |
Analyze Traffic Operations i

Analyze Intelligent Traffic Systems (ITS) |
Promote Common Use of Data |

Manage Data Needs i

Achieve Reasonable Performance |
Support Visualization Techniques i

Allow Multimodal Cost-Benefit Analysis |
Perform Uncertainty Analysis i

O Very Important/l mportant O Unimportant/Opposed

FIGURE 1 Survey Ratingsand Number of Responses
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FIGURE 2 Interacting Urban Markets
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FIGURE 3 Model Design
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