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Abstract

This paper develops an integrated application of a land use model operating at a parcel level, integrated with an activity-based travel model, applied in San Francisco, California. The work describes the specification and estimation of a microsimulation land use model, derived from UrbanSim and using the new Open Platform for Urban Simulation (OPUS). Compared to prior modeling applications, this model is applied using parcels as the spatial unit of analysis. It models household location, business establishment location, and real estate development, all at the parcel level. Measures of accessibility are derived from the San Francisco activity-based travel model, and the predicted locations of households and business establishments are used to update the micro-level inputs needed for the activity-based travel model. Data used in the model include business establishments linked to parcels over several years, and a panel of parcels that allow modeling of parcel development over time. This integration of microsimulated land use and activity-based travel modeling at the parcel level provides significant methodological advancement in integrated modeling, and demonstrates its application in a major urban center.

Introduction

Over the past decade two research streams have gained increasing attention by both research and practitioner communities in transportation, based on their potential to address some of the key criticisms directed towards the state of the practice travel model systems.  These two areas are activity-based modeling of travel demand, and integrated land use and transportation models.  Although there has been some cross-fertilization of these research areas, little of this has made its way into practical application in the field.  We propose that there is considerable theoretical and practical benefit to be gained from the closer integration of these two research areas in the form of microsimulation land use and activity-based travel modeling, and report in this paper on the design and implementation of such a model for San Francisco City and County.

The behavioral rationale for activity-based modeling using tours of activities rather than trips as their basis, has been widely accepted, though few practical applications have made their way into operational use.  Similarly, integrated land use and transportation model systems have been generally accepted as a significant improvement in the behavioral realism of transportation planning, by representing the reciprocal relationships between these systems, but practice again lags expectations.  We argue that the lack of progress in operational use is due to a variety of factors, not the least of which is the limited evidence in the literature to date on the nature of improvements in the results of these models over their presumably simpler and less costly predecessors that are more widely used in practice.  A second major obstacle appears to be the need for more usable, higher performance, and flexible software systems for implementing these new models.  We hope to contribute to the literature and to successful practice by attempting to address both of these concerns.

In this paper we describe the development and implementation of an adaptation of the UrbanSim land use model in San Francisco, using individual land ownership parcels as the basic geographic unit for household and business location, and for real estate development.  We link this model system to the San Francisco activity based travel model system, taking advantage of the common underlying microsimulation data at the household and person levels.  This work represents several significant innovations in operational land use and transportation modeling, including the use of parcels for location and development, the incorporation of business establishments, and the tight coupling of an activity based travel model system.

The organization of the paper proceeds by first summarizing the activity-based travel modeling antecedents for the San Francisco travel model, and highlighting its design features most relevant to the integration with a microsimulation land use model system.  Next we turn to the antecedents for the parcel-based land use simulation model, again drawing particular attention to the aspects relevant to integration with an activity based travel model system.  The following section outlines the design of the integrated model system and its implementation.  The data used to estimate the models and simulate from it is described next. The penultimate section provides a summary of model estimation results and preliminary work to address model validation, followed by conclusions and future work.

Activity Based Travel Modeling Antecedents

Recent research has begun to generate a much richer activity-based behavioral framework to replace the aggregate four-step transportation models with an individual and household level simulation of activity-patterns (Kitamura, 1997; Kitamura et al 2000; McNally, 2000). This research has now produced several frameworks that have been implemented in software, including TRANSIMS (Rickert and Nagel, 2001), ALBATROSS (Arentze et al, 2000), AMADEUS (Timmermans et al, 2002), PCATS (Pendyala et al, 2005), and CEMDAP (Bhat et al, 2004).  One framework in particular has been successfully moved into operational use, based on the “full-day pattern” activity modeling approach (Bowman and Ben-Akiva, 1999).  This approach has been applied initially in Portland (Bradley et al, 1998), and later extended (Bradley et al, 1999).

The most recent Portland models were used as the basis for the development of the San Francisco travel models, with some simplifications to accelerate their development and implementation.  Key features of the model system are:

•
Tours are the key unit of analysis for travel.

•
Tours made by a person within a day are jointly modeled.

•
Each tour is broken down into a chain of linked trips.

•
The travel for each individual in the population is microsimulated.

The model system simulates the full-day pattern of travel using five tour types:

•
Home-based work primary tours

•
Home-based education primary tours

•
Home-based other primary tours

•
Home-based secondary tours

•
Work-based sub-tours

Figure 1 provides a schematic representation of the models and their data flow within this model system.  Full documentation of the model system is provided in (SFCTA, 2006).  For purposes of this paper, we point out that the model system uses synthetic households and persons and simulates their workplace locations and vehicle availability conditional on knowing their residence location, and then models the daily activity patterns contingent on residence, workplace and vehicle availability.  These travel plans are then collapsed into trip tables and assigned to the network using a static equilibrium assignment approach in five time periods.  The model system requires as inputs zonal predictions of population and employment by type that are generated by an external land use forecasting system.

Parcel Based Land Use Modeling Antecedents

Most prior operational land use models have used a fairly high degree of spatial aggregation, designed for use with aggregated zone systems and for cross-sectional, equilibrium application included ITLUP (Putman, 1983), TRANUS (de la Barra, 1989) and MEPLAN (Echenique et al, 1990).  Recent work on integrated land use and transportation models have favored taking a dynamic temporal approach using annual time steps include UrbanSim (Waddell, 2000, 20002), DELTA (Simmonds, 1999); and ILUTE (Salvini and Miller, 2005) rather than a time-abstract equilibrium approach.  

To our knowledge, the only operational land use simulation system that has attempted to use parcels as a unit of analysis was the initial prototype of UrbanSim (Waddell, 2000) which used parcels to simulate land development, but zones as the units of location choice, though others have also advocated the use of parcels in land use modeling (Miller, Kriger and Hunt, 2005). Parcels have a natural attraction for use as a foundation for land use modeling because they are consistent with behavior, but heretofore, complications related to using these data for modeling purposes have overshadowed their potential benefits.  We return to this issue in the discussion of the implementation of the model in this paper, which uses parcels as the core spatial unit of analysis. 

The original design of UrbanSim adopted several characteristics that have remained foundational in the development of the system over time.  These aspects included:

• The representation of individual agents: initially households and firms, and later, jobs.

• The representation of the supply and characteristics of land and of real estate development, at a fine spatial scale: initially a mixture of parcels and zones, later gridcells of user-specified resolution.

• The adoption of a dynamic perspective of time, with the simulation proceeding in annual steps, and the urban system evolving in a path dependent manner.

• The use of real estate markets as a central organizing focus, with consumer choices and supplier choices explicitly represented, as well as the resulting effects on real estate prices.  The relationship of agents to real estate tied to specific locations provided a clean accounting of space and its use.

• The use of standard discrete choice models to represent the choices made by households and firms and developers (principally location choices).  This has relied on the traditional Multinomial Logit (MNL) specification, to date, though capacity to use any of the GEV family of models has recently been added.

• Integration of the urban simulation system with existing transportation model systems, to obtain information used to compute accessibilities and their influence on location choices, and to provide the raw inputs to the travel models.

• The adoption of an Open Source licensing for the software, written originally in Java, and released continually on the web since 1998 at www.urbansim.org. The system has been reimplemented in Python as part of the development of a more modular and flexible Open Platform for Urban Simulation (OPUS) that was recently released as Open Source software on the web at www.urbansim.org (Waddell et al, 2005).

Figure 2 summarizes the overall flow of the UrbanSim model system and its inputs and interactions.  Note that there are two-way interfaces to the travel model system, and a one-way interface with external macroeconomic models that predict the overall pattern of economic growth.  In addition, users specify assumptions such as how land use plans will be used to constrain the patterns of real estate development.  Most applications to date have used gridcells as the unit of spatial analysis, typically at a scale of 150 by 150 meters.  UrbanSim has been applied in a variety of metropolitan areas in several countries, principally in North America and Europe.

Data Resources

The setting for this model application is San Francisco City and County, which are co-terminous and form the central core of the Bay Area in California.  The study area is a subset of the metropolitan area used for transportation planning purposes, and therefore must interface with the data and models used by the Association of Bay Area Governments (ABAG) and the transportation planning of the Metropolitan Transportation Commission (MTC).

The San Francisco Planning Department has maintained since 1998 a parcel-based land use data system, in which they monitor on an annual basis land use and development.  Business establishment data from unemployment insurance records are geocoded to the parcel level, and used to assist in the refinement of land use codes assigned by county assessors.  This data system provided an unusual opportunity for using a panel of microscopic data from 1998 to the present, for model development.  As is to be expected, there are problems with the data when examined in detail, but for the modeling application at hand these were remarkably useful resources.

We noted earlier that the travel model system uses synthetic households and persons as a basic data input.  These data are generated by a household synthesizer, and must be generated for any future forecast years in addition to the base year.  The synthesizer for future years must generate the locations for synthesized households, but household synthesizers were not designed for the purpose of predicting residential location choices – something that land use models are explicitly designed to do.  One of the first points of interface between the land use and travel model systems, then, is to use a common synthetic population for the base year, and use the land use model system to add households and deal with their evolving location choices in response to changing housing market conditions and opportunities.

The travel model predicts workplaces and vehicle ownership in addition to several measures of accessibility on a zone to zone basis.  These predictions were examined as inputs to the land use model for measuring the influence of accessibility indicators on household and business location, in addition to effects on real estate development and prices.

Figure 3 provides a general data model of the entities and relationships envisioned for the integrated parcel based land use system and activity based travel model system, requiring some adaptation for full specification and implementation of the model system, as described in the following section.  Figure 4 shows the zonal structure used by the San Francisco travel model and the metropolitan transportation planning zones used by MTC, with an inset showing the a subset of the parcel geography used in this model for the northeastern tip of San Francisco.

Design and Specification of the Integrated Model System

Based on a desire to develop a fine-grained land use modeling capacity to provide inputs to the San Francisco travel model, SFCTA and the City Planning Department initiated a project in mid-2006 to develop a land use model that would be able to take advantage of the data system developed by the Planning Department at the parcel level, while requiring only modest time end effort to implement and use.  Although the travel model uses only zonal land use inputs currently, moving to a parcel level land use model afforded an opportunity to more readily change zonal boundaries in the travel model system, or to undertake analysis of more pedestrian-scale analysis of land use – transport interactions in a very mixed mode transportation environment. In addition, it offered the advantages of using existing data and more effectively testing the effects of changes in land use or transportation policy.

The land use component of the model system developed in this paper builds on UrbanSim (Waddell et al 2003), as implemented in OPUS (Waddell et al, 2005).  The land use model system developed for San Francisco consists of the components shown in Figure 2, with individual models interfaced through a common data store that has been adapted from that shown in Figure 3.  Adaptations from prior UrbanSim applications required to create this model system involved using parcels rather than gridcells as the basic unit of analysis for employment and household location and real estate development, using business establishments rather than individual jobs as the unit of analysis for employment location, and creating flexibility in the definition of property types for use in the real estate development and price models.  These design choices for the model were motivated by increasing the behavioral realism of the model, improving the transparency of the model, and making most effective use of available data.  The challenge was to create new model implementations for most of the core models in UrbanSim efficiently to be able to operationalize the model and estimate its parameters within less than a year time frame available to the project.  Data development, model design and implementation, and model estimation for an initial version of the model for testing have been accomplished within approximately nine months.

OPUS provides a very flexible capacity to specify models, and is particularly well developed for configuring discrete choice models, making the implementation of the adaptations needed for this application relatively straightforward.  Specific models are created by configuring a general implementation of Location Choice Model.  Currently OPUS supports specification, estimation, and simulation from models using a Multinomial Logit Structure, but the range of model specifications available has recently been extended through an interface to Biogeme, which supports a wide range of choice models in the Generalized Exreme Value family, including nested, cross-nested, and network GEV (Bierlaire, 2004).

Table 1 summarizes the specification of the core choice models in the system: the Household Location Choice Model, Business Location Choice Model, and Development Project Choice Model.  These specifications define the following aspects of each model:

· The set of agents making the choice in the model,

· The type of the choice set (what kind of choice is being made), 

· The nature of any filter to be applied to the universe of alternatives that allows them to be considered as feasible alternatives, 

· The sampling process for alternatives (since it is not tractable to enumerate all alternatives when the set of alternatives is extremely large), 

· The stratification of the model into submodels by characteristics of agents to allow separate specification and estimation for different market segments,

· The probability specification used in the model, defining the choice model statistical structure,

· The choice algorithm, reflecting for example the imposition of capacity constraints requiring choosers who are unable to select their preferred alternative to choose again,

· Principal variables used in the utility specification.

The household location choice model predicts the location choices for households that are in the database of households but have no location assigned.  These households are without locations due to predictions of one of two models that run prior to the household location choice model.  The first of these preceding models is the demographic transition model that runs at the start of each simulation year in order to reconcile the simulation population with externally imposed control totals, which adds households to the population but leaves their locations unassigned.  The second source of households with no location is due to the household relocation choice model, which predicts the probability that households will move within the region during a simulation year, based principally on income and life cycle status.

The business location choice model predicts location choices for businesses that lack a location in the database.  As with the household location choice model, these businesses are without a location either because they have been added to the database by the economic transition model in order to accommodate new economic growth, or because they were predicted to relocate by the business relocation choice model.  The latter is currently using only default relocation rates, until further analysis can be done on the panel of businesses maintained by the planning department.

The development project location choice model reflects the choice of specialized developers choosing a location for their project.  The development project transition model, which runs before this model, generates new projects to meet unsatisfied demand by monitoring vacancy rates during the simulation and sampling projects from the development history until the pool of projects to locate is sufficient to restore the vacancy rate for a building type to its long-term structural rate.  These projects must then be located.

Model Estimation

Estimation of the models has been completed for an initial version of the model for further testing and refinement.  The last row of Table 1 contains the log-likelihood results from each of the choice models discussed here.  Including the estimation results in more detail was not feasible due to the volume of results, but will be fully recorded in a project report and made available online.

The Household Location Choice model was estimated using households from the Bay Area Transportation Survey (BATS), using households located within San Francisco.  This means that the model of choosing a housing unit within San Francisco reflects an implicit conditioning on the choice of living in San Francisco in the first place.  This conditioning is needed for the sub-regional application of the model, in order to reconcile with externally-imposed constraints on San Francisco population and employment.  The estimation of the initial specification of the  household location choice model reflects fairly low log-likelihood ratios as shown in the last row of Table 1.  This is probably due to a combination of the absence of key price variables that had not become available for the initial estimation but will be incorporated in the next revision, and the absence of individual worker-specific access to workplace variables that we have found to be very important in improving model fit.  Although the models for one and two-plus worker households were also estimated using these worker-specific access variables, they were not included in the model system yet since we will need to fully link a workplace choice model to be able to use these variables.  Using the workplace choice predicted by the travel model does not fully address the need, since the land use model is scheduled to run each simulation year, whereas the travel model system is expected to run approximately once in every five simulation years. 

The business location choice model uses business establishments rather than individual jobs as the unit of analysis, and considers both the sector and the size of the business when evaluating the feasibility of alternative locations.  The businesses used for estimation were sampled from the population of businesses in each sector.  Estimation results produced higher log-likelihood ratios than for household location, ranging from 0.05 to 0.15.  While variables included resulted in statistically significant results, again, key variables such as price were not yet included in these specifications at the time of this draft.  This will be remedied in a subsequent revision.

In addition to these choice models, there is a building price model that predicts the price per unit of each type of real estate, at a parcel level.  This is a hedonic regression that is estimated using sales transactions for the assessor database.  The R-squared values for these models ranged from 0.23 to o.56 based on preliminary specifications using principally lot area, building area, year built, and bedrooms, in addition to zonal households, income and accessibility.  Results of these models have not yet been fully integrated into the model system and estimation of other models that will be influenced by price, as noted above.

Conclusions and Future Research

This paper summarized the development of a novel integrated land use and transportation model system.  Its novelty arises from several features that have not been previously combined in an operational model system, including the use of parcels and buildings as units of location for consumers and developers of real estate, the use of business establishments to represent economic activity, and the interfacing of this microsimulation land use model with a microsimulation activity-based travel model.

The development of this model system over approximately nine months demonstrated that the use of a modular model development platform such as OPUS can significantly increase productivity and lower development effort and risk.  The estimation of model parameters was done entirely within the same software platform, further reducing the complexity and level of effort to achieve an operational model.  

The next phase of this research is to undertake a systematic validation over the 2000 – 2005 period over which there is considerable observed data available to compare against model predictions.  Indicators of model performance will be generated and visualized using GIS to provide means to readily evaluate the results.  The insights from this exercise will be used to further refine the model and prepare it for operational use by SFCA and the Planning Department.
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Table 1: Configuration of Choice Models in San Francisco Model Application

	Model
	Household Location Choice
	Business Location Choice
	Development Project Choice Model

	Model Type
	Multinomial Logit
	Multinomial Logit
	Multinomial Logit

	Agents
	Households Locating in Year t, comprising new and relocating households
	Businesses Locating in Year t, comprising new and relocating businesses
	Development Projects Locating in Year t, comprising new development projects

	Choice Set Type
	Residential Buildings
	Non-residential Buildings
	Parcels

	Filter

(to be included in the universal choice set)
	At Least 1 Vacant Unit Available. Vacancies are created by New Construction and Occupants Moving Out.
	Sufficient Vacant Space for Locating Business. Vacancies are created by New Construction and Occupants Moving Out.
	Sufficient Development Capacity to Accommodate Project

	Sampling of Alternatives
	30 total: 1 chosen and 29 randomly sampled non-chosen
	30 total: 1 chosen and 29 randomly sampled non-chosen
	30 total: 1 chosen and 29 randomly sampled non-chosen

	Submodels 

(separate specification and estimation)
	Number of Workers in Household
	Four Employment Sectors: CIE, MIPS, PDR, Retail/Ent
	Four Residential and Two Nonresidential Types

	Choice Algorithm
	Capacity Constrained
	Capacity Constrained
	Capacity Constrained

	Principal Variables in Utility Function

(preliminary specification to be extended after initial testing)
	Income of Household

Bedrooms

Parcel Land Area

Unit Square Feet

Building Year Built

Units on Parcel

Jobs in Zone

Households in Zone

Access by Mode to Jobs
	Building Sqft

Number of Stories

Parcel Land Area

Building Year Built

Zonal Jobs by Sector

Businesses in Zone

Households in Zone

Avg Income in Zone

Access by Mode to Jobs
	Land Value

Land Area

Avg Income in Zone

Households in Zone

Businesses in Zone

Access by Mode to Jobs

	Log-likelihood Ratios
	0 Workers: 0.065

1 Worker: 0.031

2+ Workers: 0.023


	CIE: 0.15

MIPS: 0.05

PDR: 0.14

Retail/Ent: 0.09
	Apartment: 0.03

Condominium: 0.19

Flats: 0.03

Single-family: 0.08

MIPS: 0.36

Retail/Ent: 0.57


Figure 1. The San Francisco Travel Model System
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Figure 2. Interaction of UrbanSim Models and Data
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Figure 3. Entity-relationship Diagram for an Integrated Parcel – Activity Based System
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Figure 4. Zonal and Parcel Units of Analysis in San Francisco
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