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TRAVEL MODEL IMPROVEMENT PROGRAM

The Department of Trangportation, in cooperation with the Environmenta Protection Agency,
has embarked on a research program to respond to the requirements of the Clean Air Act
Amendments of 1990 and the Intermoda Surface Transportation Efficiency Act of 1991. This
program addresses the linkage of transportation to air quaity, energy, economic growth, land
use and the overdl quality of life. The program addresses both andytic tools and the integration
of these tools into the planning process to better support decision makers. The program hasthe
following objectives.

1.1  Toincreasethe ability of exigting travel forecasting procedures to respond to
emerging issuesincluding: environmental concerns, growth managements, and lifestyles
aong with traditional trangportation issues,

1.2 Toredesignthetrave forecasting process to reflect changesin behavior, to respond
to greater information needs placed on the forecasting process and to take advantage of
changesin data collection technology, and

1.3 Tointegrate the forecasting techniques into the decison making process, providing
better understanding of the effects of transportation improvements and alowing decision
makers in state governments, loca governments, trangit agencies, metropolitan planning
organizations and environmenta agencies the cgpability of making improved
transportation decisons.

Further information about the Travel Modd Improvement Program may be obtained by writing
to:

TMIP Information Request
Metropolitan Planning (HEP-20)
Federd Highway Adminigtration
U.S. Department of Transportation
400 Seventh Street, SW
Washington, DC 20590

Also, vist the Travel Modd Improvement Program’s website a hitp://tmip.tamu.edu.
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L AND USE COMPENDIUM

INTRODUCTION

One of the hdlmarks of the Intermoda Surface Trangportation Efficiency Act wasits emphasis
on abroad array of consderations for transportation planning and the decison making it serves.

Higtoricdly, trangportation planning had served decision making by producing information
focused on the direct effects of investments on trangportation system performance.
Performance, in turn, was most often measured in trangportation terms such as vehicle delay,
vehicle operating cost reductions and new trangit ridership.  In a sea change, the Intermodal
Surface Transportation Efficiency Act of 1991 or ISTEA specificaly caled out 15 (later 16)
factors for consderation during the metropolitan planning process and 20 for Satewide
trangportation planning.  In both metropolitan and statewide cases, the newly broadened array
of planning congderations related directly both to trangportation system performance and to
environmental, socid and economic issues.  Notable among the factors to be considered are
the interactive relationships between transportation and land use.

Traditiona transportation planning practice had been to take localy adopted land use plansas a
given, and assess how well or poorly various trangportation investment adternatives “ served”
them. Thiswas and is accomplished by estimating the travel demand resulting from the given
land use patterns and transportation system, and its effect on system performance, air quality,
efc. In some cases, the degree to which aternative transportation investments “reinforce’ the
desired land use patterns reflected in land use plans was eval uated as well.

ISTEA, with its emphasis on quality of life aswdll as trangportation issues, has raised the
attention paid to both dimensions of the land use/transportation equation; the effect of land use
on travel demand patterns and the effect of trangportation investment on land use patterns such
as the geographic digtribution of future employment, residences, etc. Unfortunately, the effect of
land use patterns on travel demand, at least at the macro-scale, is much easier to estimate than
the effect of transportation investments and policies on land use. Many non-transportation
factors effect land use, and the relationships among these factors, trangportation supply and land
use are extremely complex. There are, however, arange of methodsin use across the Nation
for thistype of andyss. Some state DOT’ s and Metropolitan Planning Organizations use
gatigticaly derived and andlyticaly applied land use modds, while others use more quditative
impact assessment approaches based on expert opinion and market factors.

Given the importance of land use issues, the Federa Highway and Federd Transit
Adminigrations have prepared this compendium of information as an ad to practitioners
contemplating development of an gpproach to evauating the land use impacts of dternative
transportation investments and policies. The compendium, distributed as part of the Travel
Modd Improvement Program (TMIP), contains three documents.
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The first document, “A Technica Review of Urban Land Use—Trangportation Models as
Toolsfor Evauaing Vehicle Travel Reduction Strategies’, was prepared for the Office of
Environmental Analysis and Sustainable Development, U. S. Department of
Energy, by Frank Southworth of the Center for Trangportation Andysis a the Oak Ridge
Nationa Laboratory. It presents ahost of generd information about land use forecasting
methods, information about specific andytical models and a sate-of-the-practice review of the
methodsin usein a broad cross-section of Metropolitan Planning Organizations.

The second document, prepared for the Delaware Valey Regiona Planning Commission by
Kazem Oryani of URS Greiner Consultants Inc., and Britton Harris of the University of
Pennsylvania, “Review of Land Use Model and Recommended model for DVRPC”, isa
“Consumer Reports’ for anaytica land use models. FHWA can not and does not endorseits
recommended approach for genera application everywhere. However, it contains awealth of
information that agencies should use when congdering development of an andyticd land use
forecasting methodology for their respective Stuations.

The third and last document, “Land Use and Travel Modd Survey Data’ prepared for the
Federd Trangt Adminidration by the Universty of Cdiforniaa Berkdey, summarizesthe
results of a survey of thirty-five Metropolitan Planning Organizations concerning the status of
their travel and land use data sets. Assuch, it gives an indication of the state of the practicein
land use data collection and manipulation capabilities.

If you have questions about these documents, please contact Ms. Kim Fisher of the Texas
Trangportation Ingtitute who manages the TMIP outreach program for FHWA and FTA. She
can be reached at (202) 366-4054.
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A Technica Review of Urban Land Use—Transportation Models as Tools for Evaluating Vehicle Travel
Reduction Strategies

EXECUTIVE SUMMARY

The continued growth of highway traffic in the United States has led to unwanted urban traffic
congestion aswell asto noticeable urban air qudity problems. These problemsinclude
emissons covered by the 1990 Clean Air Act Amendments (CAAA) and 1991 Intermodal
Surface Transportation Efficiency Act (ISTEA), aswell as carbon dioxide and related
“greenhouse gas’ emissons. Urban travel aso crestes amgor demand for imported oil.
Therefore, for economic as wel as environmental reasons, trangportation planning agencies a
both the state and metropolitan arealevel are focusing agood dedl of attention on urban travel
reduction policies. Much discussed policy ingruments include those that encourage fewer trip
darts, shorter trip distances, shifts to higher-occupancy vehicles or to nonvehicular modes, and
shiftsin the timing of trips from the more to the less congested periods of the day or week.
Some andysts have concluded that in order to bring about sustainable reductions in urban traffic
volumes, sgnificant changes will be necessary in the way our households and businesses engage
indaly travel. Such changes arelikely to involve changesin the ways we organize and use
traffic-generating and—attracting land within our urban areas. The purpose of thisreview isto
evauate the ability of current anadytic methods and models to support both the evaluation and
possibly the design of such vehide travel reduction strategies, including those srategies involving
the reorganization and use of urban land.

Thereview isorganized into three sections. Section 1 describes the nature of the problem we
aretrying to model, Section 2 reviews the gate of the art in operationa urban land use-
trangportation smulation models, and Section 3 provides a critical assessment of such models as
useful urban trangportation planning tools. A number of areas are identified where further model
development or testing is required. The following isasynopsis of each section of the review.

Section 1 of the review describes the considerable technical difficulties associated with
identifying the causes and directions of urban traffic growth. It is concluded thet to be effective,
transportation planning needs to bring together an understanding of (1) how the transportation
sector operates, (2) how traffic-generating and attracting land is devel oped, (3) how other
technologies affect the demands for travel, (4) how modern companies make their siting and Site
relocation decisions, and (5) how the modern indugtrid lifestyles of today’ s households affect,
and are in turn affected by, each of the above. Besides the complex conceptua issues involved,
chdlenging practica issues result from the need to handle large amounts of spetialy explicit data,
and the need to consider awide range of possible, and sometimes competing transportation
control measures (TCM). Significant, sustainable, and socidly acceptable travel reduction
drategies will require careful multiyear land use planning. Given the typicd time lag between the
opening of amgjor trangportation infrastructure or service and the subsequent land use
response, interest isfocused in this review on models capable of smulaing policy impects
anywhere from 15 to 50 yearsinto the future.

8 Land Use Compendium



A Technica Review of Urban Land Use—Transportation Models as Tools for Evaluating Vehicle Travel
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Section 2 reviews the current status of operationd land use-transportation planning modes, and
in particular the development of “integrated” urban andysis models. A liging of the most
commonly referenced modelsis provided. The key theoretical and operationa developments of
the past 30 years are discussed, using the mathematicd details from sdlected modding systems
to illustrate the range of approaches now available for smulating urban travel patterns and their
multiyear impacts. Taken as a sat, current model's have managed to combine the entropy
maximization and locationa accessibility premises that are the basis of gpatid interaction theory
with economicaly rationd notions of utility maximization and consumer choice. From the urban
economics literature they have taken the idea of equilibration between trangportation demand
and supply and linked it to aresidentid market clearing process. Methodologicaly, they make
use of nonlinear mathematica programming methods, interregiona input-output methods, and
the latest developments in econometrics and microamulation to model jointly the demands for
travel, residences, employment, services, and urban land. The more comprehensive models
aso smulate demographic changes in the urban population as well changesin physica stocks
other than transportation infrastructure, including models of the aging and renewal process
associated with the urban housing market.

The key trait these modeds have in common istheir ability to feed back the expected results of
adding new transportation infrastructure or services, computed within a transportation
submoded, to atravel cost sengitive land use submodd. They simulate urban dynamics by
iterating the smulated urban system through a series of discrete time intervas. Herethe level of
sophitication varies consderably across models. from a smple one-shot, 30-year forecasting
process, to recursive formulations which move the urban system forward in time through a series
of successvely updated, 1- to 5-year intervals. They modd these events using an extensve
database, usudly resulting in the allocation of traffic volumes and speeds over detailed link-node
representations of multimodal urban transportation networks. They have been used in a number
of different countries to smulate arange of travel reduction strategies, including fud and road
pricing policies, the spatid redlocation of traffic-generating land uses, and the introduction of
new highways and trangt services.

However, despite advancing in a number of theoretical and practica directionssince Lowry's
1964 “Modd of Metropolis,” these modds are only now finding their way into U.S. practice.
Pest reticence to employ them has ssemmed in part from their analytic complexity, in part from
their sgnificant data requirements and smilarly significant demands on computationa resources.
While today’ s desktop computers can now provide much of the computing power required, the
other issues remain unresolved. Spurred on by the demands placed on metropolitan planners
by the CAAA and supporting ISTEA legidation, these models are now recaiving renewed
scrutiny. At the same time, recent empirical and theoretical developments suggest that current
models may need to be ether adapted or replaced if redistic smulations of traveler responses
to travel-reduction grategies are to be forthcoming. Here a difficulty facing model assessment is
the limited information available from modd vaidation exercises, a process exacerbated by the
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extended time frames required to capture the true effects on travel of the more significant land
use changes.

Section 3 congders a number of frequently voiced criticisms of currently operationa modds and
recasts these percelved weaknesses as candidate areas for further research. Many of these
criticisms are linked to continued use of the traditiona four-step urban trangportation planning
moddl, and in particular, the persistence of a single-destination, single trip-purpose-based
gpproach to travel generation. There isawidely recognized need to develop more effective
ways to capture nontraditiona travel reduction options, such as telecommuting and
teleshopping, dternatively fueed but perhaps limited-range vehicles, and nontraditiona work
weeks. Improved “trave activity analyss’ models under development include the modeling of
multidestination, multipurpose trip chains, the smulation of private vehicle use by different
household members and types of households, and the smulation of daily travel schedules which
recognize the growing number of noncommute, non-pesk period trips which are taking place.
Similarly, our treetment of the urban goods movement process lacks any underlying behaviord
rationale and needs to be tied to a more comprehensive understanding of company logistics
planning. Some recent developments in both persond and goods movement modeling are
referenced as useful garting points for subsequent andyss.

Needed improvements to the land use modeling process are dso discussed. In particular, and
despite the frequently referenced polycentric nature of urban growth over the course of this
century, there has been afailure to come to terms with the causa mechanisms underlying
intraurban, notably suburban, center growth. The urban economics literature, while extensive,
has so far contributed little in the way of operationdly implementable theories of urban
development. Among other barriers to understanding, outmoded notions of what congtitutes
“basic” and “nonbasc’ employment activity make it difficult to identify the underlying causes of
commercid and industrial business location decisons. A reassessment of this traditiondl
digtinction, aready evident in a number of recent modeling efforts, needs to be pursued in a
more comprehensive manner.

A second area of land use planning warranting further study is a more normetive, or design-
based, approach to urban activity center planning. Thisincludes approaches centered on
trangt-oriented development and pedestrian- and cycle-oriented land use arrangements.

Third, agradua move towards more behaviordly redidtic, truly dynamica modeling approaches
is discussed, based on differentid or difference equation forms and supported by longitudina
data such as multiwave pand andyss of empirically vaidated travel behaviors. If such
dynamica andysis can be combined with a better understanding of why and how urban centers
form, and how designs of mixed use activity centers influence household and business travel
patterns, we would have the basis for more redlistic, and perhaps eventually prescriptive, travel
activity pattern smulations.
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Findly, these urban smulation modes need to be placed within today’ s highly interactive
software environments. We need to produce not only policy-relevant, but aso policy-usable
andysistools. Urban planning ought to be a highly interactive, consensus-building process.
Black box models should be neither acceptable nor necessary. Modds should be placed within
spatidly explicit decision support aids taking advantage of the latest geographic information
systems and relationa database technology to open up the planning process to well-informed
loca and regiond planners. Ultimately, urban planning comes down to compromise and
common sense. 'Y et we would be taking considerable risk, as we have often been forced to do
in the pagt, if we were to assume away the complexity associated with multiyear planning by
sdecting travel policies basad largely on professond intuition. Simulation modedls are necessary
if we are to understand the consequences of trying to control future traffic growth, and a degree
of complexity in model design cannot be avoided.

1. INTRODUCTION
1.1 Urban Travel Growth: Why The Concern?

Highway transportation today accounts for some 22% of the nation’s annua energy
consumption: 97% of it in the form of petroleum-based fuels (Davis, 1994). The century has
been one of teadily growing demand for vehicular travel. Between 1970 and 1990 totd
vehicle miles of highway travel within the United States grew at an average annud rate of 3.2%
(Davis, 1994, Table 3.2). While some reduction in thisrate of growth may result from a
saturation in vehicle ownership and license holding, many experts expect urban travel to
continue to increase as aresult of (1) Sgnificant population gainswithin our largest cities
(Downs, 1992), (2) agenerdly growing interest in discretionary forms of nonwork travel (see
Hu and Young, 1994), and (3) our continued failure to develop dternatives to low-occupancy
vehicle use (Johnson, 1993).

One evident impact of thistraffic growth has been urban pollution. Mobile source emissons
from the highway transportation sector done are estimated to account for some 70% of our
society’ s carbon monoxide generation, 39% of its nitrogen dioxide, 30% of emissions of
VOCs', and 28% of its small particulate matter (PM-10) generation, dong with significant
contributions aso to nitrogen oxide and sulphur dioxide emissons (Curran et d., 1992). Nor
are these the only emissions of interest. Increased atmospheric accumulations of carbon dioxide
and related trace gases—notably ozone, nitrous oxide, methane, and chlorofluorocarbons—are

1 Volatile organic compounds, which aong with nitrogen oxides are precursors of ozone

(O3).
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today considered by many scientists to be contributing to a* greenhouse effect,” in which the
level of heat retained within the planet’ s atmosphere is causing globa warming of the earth’s
surface. As such concerns have passed from the scientific community into wider public notice,
interest in the amount of carbon dioxide (CO,) resulting from motor vehicle use has begun to
surface with some regularity. 1t has been estimated that the consumption of energy within the
trangportation sector contributes some 32% of the nation’s emissions of carbon dioxide
(Hillsman and Southworth, 1990).

In addition to these now often-discussed “direct,” or vehicle miles of travel-based, estimates of
fud consumption and emissions production, Del_uchi, Johnson, and Sperling (1987) identified
five additiond, indirect sources of greenhouse gases which result from the consumption of
highway and other trangportation fuels. These are (1) end-use combustion of fuels, including
trucking of liquid trangportation fuels to retail outlets, (2) combustion of fud in pipdine
compressors and pumps, and in barges and trains during wholesde tranamission of fuelsto the
distributor; (3) CO, formed by the chemica reections of fuel synthess, (4) CO, formed by the
use of process energy in fud production plants, and (5) combustion of fud in theinitid
extraction, preparation, and transportation of raw fudl feedstock. To these sources we aso
need to add the emissions generated in those processes used to build and maintain our
transportation infrastructure and its operating components, including our roads, bridges, and
vehicle and vehicle parts manufacturing plants, and in the manufacture of the vehicles
themselves.

Air qudity and fuel consumption are not the only public policy issues, of course. Activities
associated with the transportation sector now cover a significant percentage of the land in use
within our cities. With infilling of development between the mgor highway arteries that were the
origind facilitators, if not progenitors of that growth, the need for additiona centers of activity
besdesthe CBD emerged. The result has been multicentered urban development in most large
cities and a consequent increase in suburb-to-suburb trips. Many of these suburban centers are
now suffering from their own versions of traffic congestion and the losses of persond and
employee time that entails (see Orksl, 1985; JHK and Associates, 1989; Garreau, 1991;
Southworth and Jones, 1995). And what the ubiquitous automobile has done for personal
mohbility the truck has done for the intraurban movement of goods, leading to a growing number
of instances of mixed truck-automobile interaction, which raising additiona issues of travel
safety aswdll astraffic congestion. A question now being asked is where our overcongested
cities will go from here. How can we most cost-effectively dedl with traffic growth and traffic
congestion in asocidly aswel as environmentaly sound manner?
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1.2 Purpose of this Review

Spurred on by thisinteres, this review focuses on the extent to which current theories and
supporting methodol ogies are sufficiently developed to be used (a) to help urban planners
assess the impacts of transportation plans and policies which support the evolution of more
energy-efficient and less polluted cities, and (b) to aid in the design of specific travel-reduction
drategies.

Given the complexity of the subject, methods are here synonymous with modds: conceptud,
mathematical, and for practical purposes, computer-based. For almost four decades now, we
have been using computer-based urban trangportation planning models to improve our
assessment of current travel activity patterns and to predict future transportation infrastructure
needs in support of steadily growing automobile and truck traffic. For the purposes of longer-
range forecagting, in the 15- to 50-year range, such trangportation planning models need to be
tied to a broader-based land use plan for the same region. Often, such land use plans are
themsdves the reault, at least in part, of amodeing exercise. Asour cities have grown, the
relative advantage of locations within them has changed because of the growing demand for
goods and sarvices, the buildup in traffic congestion, and the further development of the
transportation system in response to both of these forces. That is, the ease or cost of travel
between locations in turn contributes to the economic vitality of specific business enterprises, as
well asto the desirability of specific resdentia locations. With the passage of time, changesin
trangportation costs may in turn cause achangein land use. Linking trangportation and land use
planning exercises is therefore anatura step in both the physical and the subsequent economic
planning process. The current status of “integrated” urban land use-trangportation modelsisthe
centra topic of thisreview.

Of particular interest is the ability of such integrated models to provide useful inputsto the
sdlection of trave-reduction srategies that will result in anet reduction in aggregate fud use and
emissons. Such reductions are usudly thought of as resulting from one or more of the following
five outcomes:

areduction in the number of trip garts,

areduction in the length of individud trips, through changes in destination;

a shift to either nonvehicular or higher-occupancy modes of travel; and/or
areduction in the amount of travel during the congested, or “pesk,” commuting
periods

5. areduction in trip length and/or traffic congestion, through changesin route,

PN P

In this review the drategies we are most interested in are those that can maintain such travel
reductions over a period of years, and thus improve urban lifestyles collectively aswell as
individually. For thisreason dso, the sort of planning horizons we are interested in, and those
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also best suited to the types of models reviewed below, cover the 15- to 50-year time frame,
athough many of the processes modeled may express themselves (and be smulated to do so)
with much shorter cycles. The emphasis of the review, the reader should note, ison
gpplicability of current methods, and not on the applicability of specific travel-reduction
Strategies per .

1.3 Overview of the Technical Challenge
1.3.1 Conceptual Issues

Itis important firgt of dl to note the complexity of the relaionships we are seeking to Smulate.
The role trangportation playsin the multiyear development of urban systlems remains far from
clear. Thisisduein part to the often long lag times between the introduction of a new highway,
ral ling, or travel termina and the subsequent effects on surrounding businesses and residents.
To date, our ability to track such changes in a comprehensive manner has been a cost we have
generdly not been willing to accept. What is clear isthat many different factors work
smultaneoudy to shape our cities. While the root causes of travel growth are found in the
development of urban land—what it is used for and how intensively it is used—we are
currently much less certain about the subsequent effects of transportation system changes on
land use, and hence, in turn, on longer-run travel patterns (Giuliano, 1989; TRB, 1991;
Kitamura, 1994). Public policies intended to produce sustainable forms of energy-efficient and
environmentally acceptable travel must encompass a better understanding of the broader topic
of urban land use, and in particular, of the way transportation and other forms of urban land use
feed back on one another.

Demondgrating the difficulties we face in unraveling causes and effects, Zimmerman, West and
Kozlowski (1974) separated traffic which occurs on a new or newly expanded highway into the
following classes quoted by Kitamura, 1994):

. exiging traffic,

e naurd-growth traffic—due to traffic arising from demographic or socioeconomic changes,
o diverted traffic—traffic from other streets and highways,

*  trandferred traffic—traffic from other travel modes,

o chifted traffic—traffic going to new destinations,

e induced traffic—"new” trips encouraged by the presence of the new highway, and

*  development traffic—traffic generated by land-use changes.

In recent years the opening or widening of amgor stretch of urban highway has frequently
resulted in rgpid traffic growth. The road seemsto fill up in asurprisingly short period of time,
then settles down to anew and generdly higher leve of daily use. In areas where the demand
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for additiona road space has been building for some time, much of this new or induced trip
making by businesses or households may be an expression of the latent demand for greater
access to opportunities which aready existed within the system.  Recent evidence suggests that
within U.S. cities over one million in population, such latent demand may represent as much as
13% of any new travel induced by a highway capecity expanson (Rathi et d., 1991).

In addition to the above effects, tempora changesin trip making may aso influence the picture.
Grester ease of travel may induce some freight as well as persond travel to shift to the now less
congested highway, possibly into the peak period of use. Many citiesin recent years have
experienced atempora spreading of such peak congestion periods, in what is a collective
expression of trip departure timing adjustments in the face of congestion delays. Certainly,
experts are often a odds on the likely effects of adding new highway capacity in agiven
gtuation (see Deakin, 1991).

Aswith highways, the full impacts of introducing new trangt infrastructure dso remain far from
clear. Over the past three decades a number of tudies of the effects of introducing new or
improved rail service, and to alesser extent new bus or trolley lines, have been carried out.
Armgtrong (1994) summarizes the results of the best-known U.S. studies (see aso Dehghani
and Harvey, 1994; Hunt, McMillan, and Abraham,1994). The findings appear to support the
notion that property vaues suffer in the immediate vicinity of intraurban rail stations, and
possibly (though less conclusively) dong rights-of-way but that rents may increase on average
within the communities supporting heavy rail or commuter rail trangt setions. However, results
are far from congstent across studies, except that any tendencies toward more compact urban
growth or higher urban densities appear to be offset by larger forces towards urban
decentralization (Deskin, 1991; Giuliano, 1989). Giuliano (1986a), Mackett (1994), and
Pisarski (1994) each briefly review a number of past highway and trangt investment programs
and their attributed impacts on subsequent urban development and land prices. Whilethe
trangportation-land use feedback effects do often occur, current evidence and understanding
doesllittle to clarify the Stuation for the next study to be carried out. What is clear isthe need to
use models which recognize the above complexities if we are to unravel the conundrum posed
by transportation infrastructure-initiated urban development.

In trying to moddl not only the more immediate mode and route shifts but o the longer-term
relationshi ps between trangportation and other forms of urban land use (notably destination
shifted, induced, and development traffic) we are dealing with both alarge number and awide
variety of activity types, decison makers, and underlying motives for action. While urban
residents have chosen in growing numbers to move outward from the city centersin search of
more space at lower rents, most commercid and industrid land users till seek the economies of
scale associated with spatia proximity to smilar and complementary employment activities.
With the onset of the information society, a third important trend is the emergence of locationaly
indifferent, or “footloose,” service and information-based companies which are no longer tied
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to the location of key resource inputs or local markets for their products. We therefore have at
least three very different types of locationd activity operating within our urban areas. Making
the Stuation more complex, the locationa decisons within each of these resdential and
employment activity sectors ultimately impact each other. Where workers live determines the
available labor pool, and where residents work affects their choice of residence. Choice of
resdence in turn affects the Sze of the consumer market for service and retail products.

Further complicating the Stuation, the very urban stage on which we are trying to gpply our
models has been shifting quite rapidly of late. Asasociety we are undergoing some significant
changes not only intheway we travel but dso in the way we communicate and indeed live
with each other. New urban lifestyles are emerging as new forms of urban household take
shape (see Putman, 1994, for a discussion related to recent land use modeling experience).
Smilarly, the role to be played in future cities by the ongoing telecommunications revolution is
far from clear (US DOT, 1993; Greene, Hillsman, and Wolfe 1994). To be useful planning
tools our models must be capable of incorporating different assumptions about the effects of
today’ s emerging travel and communications technologies on the ways we interact with one
another, both within and between future cities.

Asaminimum then, effective trangportation planning must bring together an understanding of
(1) how the transportation sector operates, (2) how traffic-generating and-attracting land is
developed, (3) how other technologies affect the demands for travel, (4) how modern
companies make their Siting and site relocation decisions, and (5) how the modern indugtrid
lifestyles of today’ s households affect, and are in turn affected by, each of the above.

Figure 1 shows the sort of complexity we are trying to come to terms with, if we take up the
chdlenge of trying to smulate, in any reasonable detail, the multiyear impacts of urban
trangportation plans. Transportation demand and supply considerations are shown at the center
of areadily and rapidly expandable series of interconnected causes and effects. Demands for
new and better transportation services are shown as resulting from changesin the utilization of
urban land. Thetravel cost changes which result from providing new transportation services
cause activity pattern shifts which in turn affect the loca economy (i.e., the revenue generated by
the purchase of goods and services a specific Sites). These changesin turn affect loca
employment, which in turn affects local demographics. Changesin employment and population
affect demand for services (of al kinds) which can either create new businesses or cause
businesses to close down with loss of their competitive advantage. These sociodemographic
changes aso affect loca housing prices and eventudly the need for new housing arts. With
new business ventures and new residential neighborhoods come new demands for travel—and
the cycle begins again.
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Figure 1.

Complexity of Functional Linkagesin Urban System Dynamics
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Figure 1: Complexity of Functional Linkages in Urban System

Dynamics

Shown at various locations within Figure 1 is the potentia for federd, state, metropolitan and
local governments to influence urban activity patterns—notably through trangportation service
pricing and capacity control, through urban land utilization and labor supporting policies, and
through environmenta legidation. Within the United States this includes the use of private/public
sector partnershipsin the development of local services. Also shown in Figure 1 are a number
of “other factors’ involved in both the trangportation and land use decision-making processes of
each of the actorsinvolved. These include the regionwide and nationwide adoption of cos,
time, and labor saving technologies, including the advances in automotive engine design and
dternative fuels technology which have been the key sources of travel-related fud and emissons
reductions to date.

Adding the need to understand the energy related environmenta impacts of particular
transportation system devel opments further complicates the matter. Shape, Size, density of
development, and the spatia disperson of activities have dl been found to influence
transportation energy requirements. However, even highly abstract studies of energy-efficient
land use patterns quickly throw up complexities which cloud interpretation of results (see
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Owens, 1989), while past empiricaly based modeling efforts |eave considerable room for
uncertainty of cause and effect (see Southworth and Jones, 1995). The actud outcome for fue
use, and in particular for emissons, of specific spatid arrangements of activitiesis, agan, far
from dear. What such studies demondrate is the underlying complexity of the issuesinvolved in
the development of energy efficient and environmentaly clean cities. AsPisarski putsit (TRB,
1991), “The atempt to express, much less understand, the nature of the relationships inherent
in trangportation, urban form and the environment is agreet chalenge. Analysis can be
overwhelmed by the inextricable linkages between them, each shaping, and shaped by, the
others.”

1.3.2 Practical |ssues

The above isasummary of the many conceptua issues involved in urban land use-transportation
interactions over time. On amore pragmétic note, smulating the red behavior of a complex
urban system aso requires the manipulation of substantia detail, what Harris (1983) has cdled
the “centra dilemma’ with regard to our design and congtruction of policy useful urban planning
models. Thisdetall isrequired because metropolitan transportation plans are by their nature
gpatidly explicit. They areinvolved at the fully urban scale with planning for hundreds of
thousands of travelers and hundreds of firms. Depending on the modd used, developing such
plans requires the availability of substantid amounts of spatidly referenced data, including
socioeconomic-demographic data, network structure data, travel cost data, and possibly
housing, commercia, and industrid stock data as well as data on land rents and other factor
prices. Indeed, past models have to a Significant degree been used to gpply theory to fill gapsin
exigting travel survey and land use inventory data.

Asacorollary to this stuation, the possible policy actions are dso very numerous, and quite
varied. Consequently, the attempt to configure policy sets out of combinations of these actions
can quickly lead to a combinatorid explosion. The necessary detail required to accommodate
such policy andyses within suitably comprehensive modd-based tools can, if not cleverly
controlled, become quite staggering.

Table 1 lists many commonly cited transportation control measures (TCMs) asthey correlate
with the five genera types of travel-reduction strategies listed in Section 1.2 (see, for example,
Boyceet d., 1981; Ferguson, 1990; Euritt et a., 1994). A concern clearly evident within
recent literature is that many of these TCMs are only stopgap measures or short-term solutions
to the larger questions of how our cities ought to evolve (see Giuliano, 1992; Bage, 1993). The
search for cleaner and more fud-efficient futures may require more radical assessments of our
current position. Among the TCMs listed in Table 1 the most promising for sustainable
reductionsin travel gppear to be associated with the following:
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1. moreefficient urban land use arrangements,
2. different forms of trave pricing policies (road tolls, parking charges, high-

occupancy-vehicle fare subsdies, fud and/or emissions taxes);

3. how best to use the latest developmentsin low-cost information processing and
telecommuni cations technology as both a subgtitute for and a complement to the
movement of people and goods.

Within this review, consderations 2 and 3 are subsumed under the notion of amore

comprehensive view of “integrated land use-trangportation modeling” which encompasses
responses to pricing policies and to red-time information systems as part a broader, multiyear
andydis of urban lifestyles and business practices. Writing more generaly about systems
modeling for public policy, Simon (1990, p. 7) sums up the sSgnificant technica chalenge we
face asfollows: “We must separate what is essentid from what is dispensablein order to
cgpture in our modds a smplified picture of redlity which, neverthdess, will dlow usto make
the inferences that are important to our goas.”
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A review of urban land use-trangportation modeling can therefore be viewed as an assessment
of how well we have managed to build such apicture. Thisis the perspective within which the
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rest of the review isframed. To get aproper picture we will certainly need to modd it. How
fine-grained a picture we need to create in order to produce policy-sendtive and sensible
models remains a difficult question, but is arguably the most important technica question we
need to answer.

Findly, it isimportant to remember that urban planning is typicaly amultijurisdictiond affair,
involving local metropolitan, as well as—where transport is concerned—regiona and federd
decison-making. Effective modding must take place within such inditutiona arrangements and
issubject, like the rest of the planning process, to the reigning indtitutiona priorities. This
suggedts the development of flexible and highly interactive decision support tools which
intimately involve planners a dl levesin the policy andys's process.

1.4 Organization of the Review and Major Conclusions

The rest of thisreview is organized asfollows. Section 2 describes the current state of the art in
operationd, integrated urban land use-transportation modeling. Thisincludes areview of the
magor theoretical and methodologica underpinnings of both the transportation and land use
components of such modding systems, aswell as abrief summary of current best practice.
Section 3 summarizes the strengths and wesaknesses of exigting approaches as reflected in
recent commentaries within the literature. While rea progress has been made over the past
three decades, and many advances have passed from one modeling system to another, a
number of important wesknesses remain. Just how significant current wesknesses are for policy
andydsis currently difficult to assess, given rdatively limited gpplication of the mgority of these
modding sysemsin actua planning practice. Reasons for the limited gpplication of these
mode s to date are discussed. As detailed forecasting tools, none of the current models are
entirely acceptable, even in the hands of experienced users. However, the nonintuitive results
which such model -based exercises regularly throw up suggest that they represent a necessary
component of future planning practice. To better replicate traveler responses, however, more
behaviordly explicit models gppear to be necessary if we are to achieve greater realism.

We a0 need to recognize that such models, in their software manifestations, are most useful as
alds to scenario generation and plan robustness testing, rather than as detailed forecasting tools.
By taking advantage of today’ s low-cost and high-speed computers, we have the opportunity
to move into anew generation of urban transportation planning methods which place planners

within ahighly interactive, multimedia-based gpproach to the development of strategicaly
focused and incrementally adaptable urban transportation plans. Here, the strategic role of
modelsisto look for the errors that may be associated with planner intuition, especidly the
errors which can result from single or limited objective and perhgps myopic policymaking.
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2. INTEGRATED URBAN L AND USE—TRANSPORTATION M ODELS
2.1 Overview

This section of the report is devoted to areview of operationd integrated urban land use-
trangportation—modds, that is, mode s which have been empiricaly applied in either aresearch
or actua planning context within the past decade. The term “integrated” implies a feedback
mechanism of the type shown in Fig. 2, between the trangportation system and the rest of the
urban land use system. Herethe “land use’ system supplies the transportation system with
estimates of the location and volume of travel generators. “Land use” isagenerd term here,
covering both the types and intensities of activities taking place at specific urban Stesaswel as
the physical area of land and any built structures used in support of such activities. Thisinvolves
modding the demand for employment, resdentia, shopping, and other activities a different
gtes, and then trandating and possibly congtraining these demands on the basis of gppropriate
physicd or atificid (i.e,, planner-imposed) land utilization rates. The more ambitious modds
aso include the smulation of housing stocks and floor space requirements for industrid
buildings. Within some modds this dso means smulation of pricing effects on, in particular,
resdentia choice. A further extensgon in alimited number of modeding sysemsis alinked
smulation of demographic change, alowing the urban area’ s population to evolve aong with the
evolution of the physicd city within which it lives and works. Wegener (1994) refersto these
types of mode as “integrated urban models” athough the interaction between transportation
and other land usesremains their key trait.

The spatid distributions of residents and workers are assumed to create the mgjor demands for
travel which drive development of the transportation systiem. The *trangportation” system in
Fig. 2 represents both the physical infrastructure and services provided by the different travel
modes, ether separately or in combination, aswell as these demands, now trandated into
mode-specific vehicular and nonvehicular trips, for either passenger or freight movement. This
interplay between travel demand and supply resolves itsdf within the typica transportation
modd into a series of Sngle-purpose and single-destination trips which together form the on-
the-road traffic volumes of interest to an environmenta analysis of fud use and mobile source
emissons

The origin-to-destination travel costs resulting from this interplay between trangportation
demand and supply can be fed back into the residential and employment activity location
models, where they are used to alocate the ared s residents and workers to specific urban
zoneswithin the land use model. This dlows trangportation system changes to affect land
utilization, which in turn feeds back its effects in the form of new leves (and locations) of traffic
generation. The notion of locationd accessibility here plays acentra rolein dl currently
operationa modds. Asan integrd component of such accessihility, travel cost changes become
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part of the mechanism used to redllocate |abor, residents, retail and service activities, and when
modeled, freight flows between spatidly separated land uses.

Figure 2. Integrated Modeling: General Schematic Flow Chart
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In terms of an urban dynamic, most models employ static-recursive gpproaches to multiyear
forecasting or (more redigticaly) scenario generation. That is, cross-sectiona representations
of the urban system are moved forward through a series of discrete timeintervals. However,
both the operationd details and level of sophidtication imposed on this dynamic vary
consderably across existing models. Thisisthetopic for Sect.2.5 below. A common planning
horizon for such a single-time-period forecast is 5 years, athough intervals from 1 year to as
many as 30 years have been used. Forecasting further into the future, an obvioudy risky
business, is accomplished in the more advanced modeling systems by iterating the land use and
trangportation subsystems through a series of discrete timeintervas. In an effort to keep
transportation and other urban land uses in some kind of synchronization, both lagged and
marginaly incremental methods are used to update and to control for selected variables as part
of this process.
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Figure 2 dso shows the location of three types of public policy insruments commonly used to
smulate the effects of sgnificant travel reduction drategies: (1) land use controls, (2) fue
pricing policies, and (3) those transportation control measures which impact directly the
capacity and level of service of the specific trangportation modes.

2.2 Survey of Empirically Applied Models
2.2.1 Survey of theLiterature

Table 2 ligts the better-known and documented operationa modes, dong with some of their
gpplications to specific urbanized area sudies. The table draws heavily on the models reported
by the International Study Group on Land Use-Transportation Interaction (ISGLUTI)
(Webster, Bly and Paulley, 1988),% on the survey of available modes by Cambridge
Systematics and The Hague Consulting Group (1991), and on the reviews by Berechman and
Gordon (1986), Berechman and Small (1988), Mackett (1985), Putman (1983, 1991), and
Wegener (1994, 1995h). These sources were supplemented by afurther literature search and
through contacts with a number of the fidd's leading modd developers.

Among the most recent round of empirically supported U.S. studies of note are those for the
Chicago area (Anas and Duann, 1986; Boyce et d., 1992, 1993; Kim, 1989); for the

2 Coordinated through the British Transport and Road Research Laboratory, the ISGLUTI
effort carried out comparisons of nine different land use-trangportation modds using data
from cities in seven different developed countries (Annerstookt in the Netherlands, Tokyo
and Osaka in Japan; Dortmund in Germany; Leeds in the England; Bilbao in Spain; Uppsda
in Sweden; and Mdbourne in Austraia). Subsequent work has extended these model
comparisonsto (a) the application of more than one mode to the same city (see Wegener,
Mackett and SSimmonds, 1991) and (b) the application of the same model to more than one
city (Mackett, 1991b). This sort of coordination is now being continued through the SIG1
working group within the World Conference on Transportation Research.
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San Francisco Bay Area (Prastacos, 1986a,b; Caindec and Prastacos, 1995); the Puget Sound
Region of Washington State (Watterson, 1993); and Portland, Oregon’s Land Usg,
Trangportation, and Air Quality (LUTRAQ) study (Cambridge Systematics — Hague
Consulting Group, 1991). The most widespread gpplication of a particular modeling approach
in the United States comes out of the extensive model development and calibration efforts of
Putman and colleagues (see Putman 1983, 1991) , whose joint implementations of the
Disaggregate Residentia Allocation Modd (DRAM) and the Employment Allocation Mode
(EMPAL) are currently used in some fourteen of the largest U.S. metropolitan planning agencies
(Putman, 1994). During the 1970s and 1980s Putman also developed the Integrated
Trangportation Land Use Package (ITLUP), linking DRAM and EMPAL with sdlected
components of the traditional four-step trangportation

Some I ntegrated and Empirically ATp?Jt?il:dzi_and Use—Transportation Models
M odel Useful References Example Urban Studies
AMERSFOORT Floor and de Jong(1981)* Amersfoort, Utrecht, Netherlands;
Leeds, UK
BOYCE, ET AL Boyce, Tatineni & Zhang (1992), Chicago
Boyce, Lupa, Tatineni & He (1993)
CALUTAS Nakamuraet a (1983)% Tokyo, Nagoya, Okayama, Japan

CATLASNYSIM/  Anas (1983b), Anas & Duann (1986),  Chicago, New Y ork
METROSIM Anas ( 1992, 1994)

DORTMUND Wegener (1982a,b; 1986, 1995a)* Dortmund, Germany
KIM Kim (1989) Chicago
ITLUP Putman (1983, 1991)* San Francisco, Los Angeles,
Houston, Ddllas, Portland, Others
LILT Mackett (1983, 19903, 1991a,b)? Leeds, England; Dortmund,
Germany; Tokyo, Japan
MASTER Mackett (1990b, 1990c) Leeds, England
MEPLAN Echenique et d (1985)°, Bilbao, Spain; Sao Paulo, Brazil
Hunt & Simmonds (1993), Santiago, Chile; Naples, Italy;
Hunt (1993, 1994) Others.
OSAKA Amano et d (1985)° Osaka, Japan
POLIS Prastacos (1986a,b), San Francisco Bay Area

Caindec & Prastacos (1995)
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PSCOG Watterson (1993) Puget Sound, Washington.
TRANSLOC Boyce & Lundqvist (1987),2 Stockholm, Sweden
Lundqvist (1989)
TOPAZ Brotchie et a (1980)%; Mebourne, Darwin, Augtrdia;
Dickey and Leiner (1983), Prince William Co. Virginig;
Sharpe (1978, 1980, 1982) Others
HAMILTON Anderson, et a (1994); Hamilton, Canada
Kanaroglous, et a (1995)
TRANUS delaBarra (1989) Caracas, La Victoria, Venezuda

%indicates participation in the Internationa Study Group on Land Use-Transportation Interaction
(ISGLUTI) study; see Webster, Blye, and Paulley (1988).

planning modd, containing submodels to estimate trip digtribution, moda choice, and traffic
assgnment. Referencesto past empirica applications of ITLUP include sudiesin Kansas City,
Washington, D.C., and Houston. The LUTRAQ study aso recommended use of an ITLUP-
like approach (Cambridge Systematics et d., 1992b). Recently DRAM and EMPAL have
been linked to the TRANSPLAN suite of trangportation planning modelsin a 772-zone
gpplication to the southern Cdiforniaregion, centered on Los Angeles (Putman, 1994).

Building on the CATLAS mode of combined resdentia location, housing and mode choice, the
modeling of non-work travel choices and commercial red estate marketsin the New Y ork
region (the NY SIM modéd), and the modeling of metropolitan housing market dynamicsin a
number of US cities (the CHPMM modd), Anas and colleagues have developed a highly
integrated economic model of trangportation and land use called METROSIM. METROSIM
(Anas, 1994) conggts of 7 sub-models, providing analysis of aregion’s basic industry, non-
basic industry, resdentia and commercid red etate, vacant land, households, commuting and
non-commuting travel and traffic assgnment, within asingle, jointly solved-for Sructure thet is
strongly oriented towards theoreticaly sound and empiricaly workable economic relaionships.

In the United Kingdom notable efforts to devel op land use-transportation models are found in
both the theoretical and the empirical work begun by Wilson and colleagues & the University of
Leeds (see Wilson et al., 1977, 1981), and carried on by Mackett at the University College,
London. Mackett has devoted consderable effort to building and cdibrating both the Leeds
Integrated Land Use-Trangportation modeling package (LILT) (Mackett 1983, 1991ab) and
the MASTER micros mulation-based modeding system (Mackett, 1990b). Echenique and
colleagues at the University of Cambridge, and subsequently within the commercid sector, have
been especidly energetic in developing and gpplying the MEPLAN modding system. Their
work  includes planning applications for the city of Bilbao, Spain, and for the Third World cities
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of Sao Paulo, Brazil (Echenique, 1985); Caracas, Venezuela (Feo et d., 1975); and central
Chile (delaBarra et d., 1975). Hunt and Simmonds (1993) reference 22 different empirica
applications of MEPLAN, including arecent study for Naples, Itay (Hunt, 1994). A smilar
but now separate modeling system, TRANUS, has aso been applied to theidand of Curacao
and the city of LaVictoriain Venezuda (de laBarra, 1989), aswell asto moreidedized
smulations of energy and urban form relationships (de la Barra and Rickaby, 1982; Rickaby,
1987, 1991). Johnsgton (1995) indicates that TRANUS s currently being experimented with in
Sacramento, a the University of Cdiforniaat Davis, whereit isbeing examined in conjunction
with the Cdifornia Urban Futures Modd, or CUFM (see Landis, 1994).

Pioneering work in the field has aso resulted from along-term involvement in the area by the
Commonwesdlth Scientific and Industria Research Organization (CSIRO) in Australia, based
largely on use of the TOPAZ modding system (Brotchie, 1969; Brotchie, Dickey, and Sharpe,
1980; Sharpe, 1978, 1980, 1982 and other references therein). Asits name implies
(Technique for Optimal Placement of Activitiesin Zones), the gpproach taken in the TOPAZ
model is anormative one, usng avery generd |ocation-alocation modding system adaptable to
anumber of different scaes of spatid analyss. In recent work, the object-oriented SUSTAIN
mode (Roy and Marquez, 1993) is being developed to facilitate more idedlized, less
idiosyncratic comparisons of different energy-efficient forms of urban transportation
infrastructure devel opment.

Other work of interest in Audtrdia includes development of the LAND gaming-smulation model
by Y oung and colleagues & Monash University in Mebourne (Gu et d., 1992), and the
proposed PIMMS (Pricing and Investment Model for Multi-Moda Systems) model, described
by Hensher et d. (1993) at the University of Sydney.

In Canada, initia progress in the development and empirica gpplication of an integrated land
use-transportation mode to the Hamilton Consolidated Metropolitan Areais reported by

Anderson et d (1994), Kanargolou et d (1995) and Anderson, Kanargolou, and Miller (1994).
Here the early focus has been placed on smulating automobile fuel consumption and emissons.

In Japan, integrated urban modeling includes the CALUTAS model (Computer-Aided Land
Use Trangport Analysis System) (Nakamura et a., 1983) and the Osakamodd (Amano et d.,
1985). Wegener (1994) briefly references other recent Japanese developments. Other non-
U.S. sudiesinclude van ESt’s (1979) modeling of the Eindhoven urban areg; Bertugliaet d.’s
(1981) modding of Turin and Rome in Itdy; and a number of modeling applications to the city
of Stockholm in Sweden, including gpplication of the Trangportation and Location, or
TRANSLOC, modd listed in Table 2 (see Boyce and Ludqvist, 1987, for example).

For the Middle East, Garnett (1980) reports a planning model and policy application for
Tehran, Iran. Martinez (1992a,b) recently cdibrated his own verson of an integrated land use-
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transportation mode for Santiago, Chile. Findly, Cambridge Systematics and The Hague
Consulting Group (1991) dso report the existence of two commercidly available, ITLUP-like
computer packages known as TRACKS and TRANSTEP, with 51 reputedly different
goplications in Audrdia and the Far Eadt.

2.2.2 Nature of Model Applications

As aset, the modds listed above have been empirica by applied to awide range of policy
questions. Whiletheinitia reasons for developing the various modeling gpproaches may have
differed, the ISGLUTI study found sufficient smilarity across nine of the models reported in
Table 1 to carry out a set of common tests. These tests covered the effects on travel choices
and land use arrangements from introducing changes in the following varigbles:

e  populdtion,

e  land useredtrictions,

o employment location policies,

o  thelocation of retall (shopping) facilities,

* thecodsof trave,

*  mode-specific travel speeds and network structure,

*  thetiming of transport investment, and

e generd economic climate (economic recession, narrowed income distribution).

Moving into specific policy impact studies, Mackett (1994) concludes that current models can
be particularly useful for analyzing either congestion reduction or energy reduction strategies.
(Also congdered were safety, the environment, socid equity, qudity of life, public expenditure
and privatization policies,) He lists the following commonly available (if not dways popular)
public policy ingruments as being well suited to andyss with modes which integrate
transportation planning decisons into a broader and longer-range andysis of land use.

*  redrictions of periphera urban development,

* increasesin the gasoline tax,

*  increasssin public trangportation subsidies,

e increasssin investmentsin public trangportation infrastructures,
* increasesin transportation system (supply) management,

e  increasesin trangportation demand management, and

e introduction of road pricing schemes.

In aresearch context a handful of past studies have also used such models to look specifically a
dterndive, if rather abstract, energy-efficient urban futures (see Sharpe, 1978, 1980, 1982; de
laBarraand Rickaby, 1982; Rickaby, 1991; Roy and Marquez, 1993). In the United States
the 1990 Clean Air Act Amendments and supporting legidation within the 1991 Intermodal
Surface Trangportation Efficiency Act have caused recent practice to focus on using such
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modelsto forecast future levels of urban air quality (see Putman, 1994, using the
DRAM/ITLUP modeling approach; and Watterson, 1993, using modified versons of the
DRAM and EMPAL mode s within the Puget Sound Council of Governments modd).2 The
gpatiad aswell astempora extent of such gpplications aso varies, from specific highway or
trangit corridor andyses to full-scale urban area or complete transt network smulations.

2.3 Modeling the Urban Transportation System

Urban transportation modeling began in earnest in the mid-1950s in the United States (see
Weiner, 1992, for historical developments). Since the 1960s most metropolitan areas have
used variants of the Urban Trangportation Planning System (UTPS) models shown in Fig. 3.
This four-step, single-destination, separable-purpose, daily trip-based approach has dominated
the trangportation modding literature. This includesits use within the integrated land use-
transportation models listed above. 1t has been used to address awide range of issues covering
the physica, economic, and (in recent years) energy and environmental impacts of magor
highway or rapid trangt investments. The gpproach is sequentia in order to avoid some very
difficult multicollinearity problems found to affect more direct estimation techniques. It isaso
meant to be iterative in order to bring the trangportation costs computed within the trip
digtribution (= degtination), moda choice, and traffic assgnment (routing) submodels down to a
common et of values.

In this system the urbanized areaisfirg divided up into a set of spatialy contiguous traffic-
generating and attracting zones. For our largest cities this involves definition of dozens,
sometimes hundreds, of zones linked to highway and trangt networks containing hundreds,
sometimes thousands, of link and node records. The computationa process can be started with
asmple dl-or-nothing assgnment of traffic to least-cost interzond travel paths. This can be
done before any actua trip volumes are “loaded ” onto the network. Land use, when modeled
explicitly, comes into the process through its influence on trip generation rates. Alternatively,
daily trip frequencies are estimated directly from zonally based population and employment
forecasts. These forecasts are suitably disaggregated by household type or economic sector

3

A summary of the transportation programs and provisions of the CAAA has been written
by the Federa Highway Adminigration (FHWA, 19928). Summaries both of the complete
ISTEA, and of itsar quaity programs and provisions are aso provided by the Federd
Highway Adminigration (FHWA, 1992b,c).
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based on sgnificantly different observed averaged trip rates. The trip generation (and trip
attraction) models are usudly regression based, or built on category anaytic techniques (see
Douglas and Lewis, 1970/71; Inditute of Traffic Engineers, 1987).

For a set of zone-specific, average dally trip originations, one or more trip distribution models
are then used to alocate purpose-specific trips to detinations within the remaining set of urban
andysszones. Within these spatid interaction models the concept of locationa accessibility to
opportunities plays a centrd role in the dlocation process. If travel is a derived demand, then
accessihility isthe "good" it provides. Such locationa accessibility indices have the form

a=a;a;=a;wj f(g)

where W, = thelevel of demand, or more generally ameasure of the attractiveness of a potentia
destination zone | for trips of a given purpose (e.g., journey to work, shopping); G; = the cost of
travel from the trip’s origination zone, i, to destination zone j; a = an economies-of-scae
parameter (0 <= a<=1); and f(.) = atravel mode and distance-based cost decay function,
such as exp(-3.c;). HereRisadistance-based cost sensitivity parameter, which the modeler
must estimate. Within awork trip mode, W, may refer to the number of jobs avallable in zone
j. More generdly, it may be acomposite, multiplicative, or additive index of locationa
atractiveness. Smilarly, thetravel costs ¢; may be of acomposteor a “generdized” form,
typicaly including both travel time and any fares or other monetary operating costs incurred
during atrip.

Figure 3. Traditional Four Step Urban Trangportation Planning M odel

Itaration
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The use of spatid interaction modes in urban planning studies gained a boost with the
elaboration of both entropy maximizing (Wilson, 1967, 1970) and utility maximizing
(Neidercorn and Bechdolt, 1969; Golob, Gustafson and Beckmann, 1973) theories, which
have provided, respectively, a more robust statistical mechanics/ information theoretic basis and
arationd economic basisfor spatid interaction theory. Subsequent theoretica effortsto link
these two gpproaches during the 1970s and 1980s have further strengthened the hold of “logit”
forms of interaction model on the discipline (see Anas, 1983a; Brotchie et d., 1979; Williams,
1977, Wilson, et a., 1981). Such alogit model can be stated as

Ti=0Oi-[ exp(v;)/ & ;exp(v;)]

where T; = the number of trips between zonesi and j, O; = the number of trips generated at
location i (for aparticular trip purpose), and v; = amulticriteria vaue function reflecting the
attractiveness of location j as a destination for such an i-based trip. By sefting each vij =
[dnW; -3c;; ] we have the following direct connection to Eq. (1):

Ti=Oi(a; /&;a;)

Thisisapopular form of origin, demand or “production”-congtrained spatid interaction moded,
which Wilson (1971) placed within afamily of possible modds, including destination (supply,
“atraction”)-constrained as well as demand and supply (“doubly”)-congtrained forms* The
issues of why and when we travel are handled within this framework by incorporating
disaggregations by trip purpose and time of day, respectively. Thisusudly leads to separate
matrices of zone-to-zone flows coming out of awork trip model and one or more types of
nonwork trip (e.g., shopping, socia and recreational, school trip) distribution models.

The moda choice submodd “splits’ these interzond trip volumes across the most likely travel
modes (usudly auto versus public rail or bus trangt, but with walk, cycle or multimoda trips
aso possble). Thelogit isagain the most popular forminuse. At thisstep “disaggregate’—
that is, individua traveler—response-based multinomia logit models have aso become popular
in the United States, usng McFadden’s (1974) maximum likelihood method to include awide

*  Doubly congrained spatia interaction models have been popular asjourney-to-work

models where a planning agency has census data or other means of producing what it
congders reasonably accurate estimates of zonaly based trip productions and attractions.
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range of explanatory variables as wel as multiple travel choices within such mode cdibration
efforts.

A subsequent and now increasingly used theoretica development was the specification of
“nested” logit forms, which alow the results from one production-or attraction-constrained logit
mode to be passed into another in abehavioraly consstent manner (see Williams, 1977; Ben-
Akivaand Lerman, 1985). For example, mode m-specific travel (disutilities, ¢jm (i.e., modal
travel costs), can be averaged into a destination choice modd such as Eq. (2) above, using
log-sum or inclusive vaue terms of the form

ci= -1 )In& exp(l cjm)

where ¢ is now the modally averaged disutility of travel betweeni andj. Here?isa
cdibrated modd parameter representing the sengtivity to modal cost differences in a manner
anaogous to the way 3 represents sengtivity to distance-based destination choice in Eq. (2).
Taking such a nesting one stage further, we can aso compute the expected or averaged travel
(dis)utility associated with the set of mode and destination combinations available to atraveler
located in zonei, v, using an indusive value index of the form

vi =In& ;ep(a inw;-b ¢*)

which, in terms of equation (1) above is alog-accessibility measure, and which in economic
termsis often interpreted as alocationd or consumer’s surplus measure associated with zone i
(see Williams, 1977; Fisk and Boyce, 1984).

The resulting mode-specific interzond traffic volumes are then assgned to one or more routes,
or paths, by the traffic assgnment submode shown in Fig. 3. Thisresultsin anew set of
interzond travel costs which ought to be submitted back to the trip distribution moddl. The
process of mode calibration should then be continued by iterating the travel costs within the
various mode, destination, and assgnment submodels until they converge to asingle set of
vaues.

A number of variants on this iterative procedure are now used (see Boyce, Lupa, and Zhang,
1994). At the traffic assgnment stage the auto trips and any truck trip matrices that have been
generated are converted into passenger car equivaent traffic volumes before being
smultaneoudy loaded onto the highway network. Logits can aso be used to select dternative
routes and have been incorporated within a number of different assignment methods (see Sheffi,
1985). However, the most commonly referenced assignment mode is the capacity-senstive
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approach proposed by Wardrop (1952). Under this approach, which is geared to handling the
congested conditions experienced during the commute to and from work, urban traffic volumes
are digtributed such that al multilink routes used between any origin-to-destination pair of traffic
zones have the same travel time, while dl available but unused routes have a higher travel time.
Theresult istermed a user optima equilibrium assignment in which no traveler can change his or
her route without incurring extra en route delays (Beckmann, McGuire, and Wingen, 1956).
Mathematically, this can be stated as

Minimized , §° C.(X) d(X)

f,=&,8,;4,d’ x? forallinksal network

subject to

f,30 " linksa ; XP30 " pathspl network

where Tj; isatrip matrix, and we are solving for f, = the flow of traffic on link a Here C(f,) =
the congestion-sengitive cost of travel dong link a, such as a convex function of the form
c{(1+2£.)* for c, = free flow travel time, and 2, = a function of the link’s design capacity.

The X;;P variablesin Eq. (7) represent the number of trips from origin i to destination j using
multilink route (path) p, and d;® = 1 if link abelongs to route p, and is zero otherwise.
Equation (7) ensuresthat each link’ s assigned traffic volume is the sum of the volumes of each
path usng it, while Eq. (8) ensuresthat dl route volumes from a given origin-to-destination sum
to the origind number of i-to- trips input to the agorithm (from the trip digtribution modding
step described above).

Figure 4 shows a ample two-route, two-link example for the type of link speed-volume
relationships often used in practice. The area crested under these two margina link travel cost
curvesisthe solution to the objective function given by Eq. (6) above. Efficient computationd
procedures now exigt for solving this and smilar capacity-congtrained traffic assgnment
problems for quite large and detailed urban area networks. Recent developments by Janson
(1991) and Janson and Southworth (1992) have aso extended this sort of equilibrium
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assgnment modd into computationaly tractable dynamic forms, which may soon dlow the
andysis of such grategies as staggered work trip departure times and their effects on traffic
congestion. Such developments dso take us squardly into the relm of Intelligent Trangportation
Sysems (ITS) research, an area currently receiving large amounts of funding from the U.S.
Department of Transportation (DOT) in support of the 1991 ISTEA legidation.

Ralil trangt options are usually modeled over their own, separate network. Where bustrangt is
adgnificant dternative, passenger car equivaent (pce) conversion factors can be used to
gmulate the effects of each bus within the resulting traffic stream, and suitable network coding
techniques can handle the presence of bus-only lanes or other forms of high-occupancy vehicle
(HOV) facility. A smilar pce procedure can dso be used to portray the effects of larger trucks
in the traffic Sream.

Variants on this same four-step transportation system modeling process are often used for both
long-term (10-to 30-year) planning, and shorter range (1-to 5-year) trangportation system
management (TSM) planning (see Yu, 1982, for an overview). In some cases pecificaly
designed variants on the overall modeling gpproach have been developed to better focus on a
particular TSM drategy; these include the Network Performance Evauation Modd devel oped
for the U.S. Department of Energy (DOE) to andyze the energy and environmental impacts of
varioustypesof HOV lanes, (see Janson, Zozaya-Gorogtiza, and Southworth, 1987).

Fud use and related mobile-source, pollutant-specific emissons estimates are typically
computed using these assignment mode -generated traffic volumes and speeds. For this
purpose basdine emissions estimates for light-duty motor vehicles (automobiles and light trucks)
are generated by the Federa Test Procedure. Under the FTP vehicles go through a series of
stops and starts with an average driving speed of 19.6 mph. Emissionsrates for vehicles a
other speeds are derived by a statistical regression of fue consumption against average speed
for cycles other than the FTP. Speed correction factors (SCFs) for this purpose have been
developed by the U.S. Environmenta Protection Agency and by the California Department of
Trangportation.

However, these emissions outputs, and the traffic volumes themsdlves, are usualy aggregeted or
averaged over one or more traffic andysis zones for the purposes of computing emissonson a
wider regional or “gridded” basis (see Quint and Loudon, 1994; Outwater and Loudon, 1994).
Currently, thereisagood ded of uncertainty surrounding the accuracy of emissons
cadculaions for carbon monoxide (CO), hydrocarbons (HC), and oxides of nitrogen (NOX)
and, in particular, their relationship to actua traffic conditions (see Guender, 1993; Bae, 1993).
Nor were the traffic volumes and speeds from datic traffic assgnment models meant to handle
such detalls. While detailed traffic smulation programs based on individud vehicle movements
arenow dso in usg, it has been only recently, and in aresearch context, that this sort of detailed
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traffic flow modeling has been tied directly to emissons estimation (see Matzoros and Van Vliet,
1992a,b), and little testing of its accuracy has been carried ouit.

For the purposes of estimating areawide CO, emissions, which are highly correlated with totdl
fuel used, less concern for such accuracy may be warranted. Unlike the CAAA-controlled
pollutants, which are by volume comparatively margina engine emissons, CO, emissons are
highly correlated with fuel used and associated, congestion-conditioned vehicle miles traveled
(VMT). Nor need we be concerned within such an anadlysis of greenhouse gas buildup with
such location-specific issues as the hedlth effects of CO hotspots.

Figure 4. Smple Two-Route, Two-Link Congested Traffic Assgnment
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2.4 Linking Transportation And Urban Land Use Models

Urban land use modeling aso began in the 1950s, again in the United States (see Baity, 1980,
who dates such efforts from 1958). Mot of today’ s operational land use-transportation
models derive from ideas and mode formsintroduced into the wider literature during the 1960s
and 1970s. Thereis now an extensve literature deding with the theoretical and methodologica
aswell as operational aspects of such models. The discussion presented below draws on the
higtorical and technica accounts and efforts at synthesis described in, among others, Anas
(1984), Batty and Hutchinson (1983), Berechman and Gordon (1986), Berechman and Small
(1988), Bertuglia et d. (1987), Echenique and Williams (1980), Echenique (1985), Kim
(1989), MacGill and Wilson (1979), Mackett (1985, 1994), Putman (1983, 1991, 1994),
Transportation Research Board (1990), Wegener (1994, 1995b), Wilson (1987), and Wilson
et al. (1977, 1981).

Figure5. Integrated Urban Modeding Showing Typical Submodels
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Figure 5 shows the basic idea behind linking aland use modd to the four-step trangportation
planning modd described above. As noted in thisfigure, anumber of modeling systems use the
gpatid interaction formulas at the heart of their resdentia and employment location submodds
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to replace (obviate the need for) a separate set of trip-based distribution models. The ITLUP
model can be used to generate such trip digtributions within the DRAM submodel. The
MEPLAN and TRANUS models generate dl of their inter-zona flow matrices as a series of
“trades’” within the land use modding system. Within a number of operationd models, including
the MEPLAN and Kim models described later in this review, the urban sysem ismodeled as a
series of markets, with emphasis placed on clearing a transportation market and one or more
other land use markets, by solving endogenoudy for a suitable set of spatialy varying market
prices, which include travel costs and ste rents. Within the less inclusive models, such as
ITLUP, which avoid endogenous modeing of nontrangportation price mechanisms, an
equilibrium between the transportation system’ s demands and supplies can aso be brought
about; this also stahilizes the parameters within the resdentia and employment activity location
submodes. Such congderations of equilibrium in urban evolution quickly take usinto the area
of tempora dynamics. Within the ITLUP, MEPLAN, and Dortmund models described in
some detal below, lagged effects play an important role in linking different submodels within the
trangportation and land use systems both across as well as within asingle time period (see Sect.
2.5, below).

While operationa trangportation planning models have tended to be built around the above
four-step approach, once we link these developments to urban land use models a good desl
more variety isevident. At lesst five sgnificantly different theoreticad and/or methodologicd
approaches have combined to produce the current state of best practice among such extended
and “integrated” modding systems. Each of these approaches—the Lowry model, normative
and mathematica programming developments, Spatia input-output anadysis, urban economics,
and microandytica smulation—is reviewed briefly below.

In the discussion of each of these approaches amodel from Table 2 has been selected for
detailed presentation, as a means of demonstrating how such developments trandate into current
modeling practice. The reader should note, however, that the assignment of a model
below to a particular approach is somewhat arbitrary. The order of presentation was
selected to show how current models have brought devel opments from a number of the above
discussed advances into their frameworks. A significant festure of modd advances over the
past 30 years has been the gradua incorporation and unification of different theories and
methods within individua modeling frameworks. The purpose of the following descriptionsis
not to fully elaborate on any single modeling system but to use specific models to eaborate on
key areas of development. In sdlecting examplesfor presentation there is dso a strong bias
towards U.S.-based modedling efforts. For acomplete list of amode’ s current functiondity the
reader should see the references cited in the text.

2.4.1 TheLowry Model and Related Developments

2.4.1.1 Background
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Most operationa urban land use models today, and dl of those discussed below, can trace their
beginningsto Lowry’s (1964) “Modd of Metropalis’ for the city of Fittsourgh. The origind
Lowry modd incorporates the spatia distribution of population, employment, retailing (the entire
sarvice, or “non-basic,” sector), and land use within a compact iterative procedure requiring
only nine equations and three inequdities. In essence, the gpproach consgts of linking together
two gspatid interaction models. One of these models allocates workers to a predefined set of
land use zones on the basis of exogenoudy supplied basic employment leves (i.e., employment
in manufacturing and primary industries). The dependent families of these workers are then
defined using a suitable activity retio (the ratio of total regiond population to totd regiond
employment). These workers and their families demand services, and these demands are met
by means of a second spatia interaction mode which alocates this service supply, in the form of
“nonbasic” employment, across the same spatia zoning system.  Iteration is required to then
bring the resulting resdentia and nonbasic employment activity alocation modesinto line with
each other. To generate estimates of either land area occupied or floor space used within each
zone atwo-stage processisrequired. First, the resdential and employment activity levels are
alocated acrossthe set of available zones, then suitable activity-to-floor space rates are
assgned, with checks to ensure that the physical limits and any planning regtrictions on the
gpace within a zone are not violated.

2412 DRAM, EMPAL, and ITLUP

In the United States the most used successors to Lowry’s modd are the Disaggregate
Resdentid Allocation Modd (DRAM) and the Employment Allocation Modd (EMPAL) as
developed by Putman and colleagues (see Putman, 1983, 1991). Both arenow inuseina
number of U.S. cities (arecent count was 14; Putman, 1994). On the basis of empirical testing
Putman (1983, Ch.7) specified DRAM to have the form

Ni'=a;( ékaknEi} YLwi f7( Cij ) & w7 ( Gi )l

where N;" = the number of type n residentsin zonei; f'(c;) = acost of travel function for typen
residents moving fromi toj ( = g;™.exp[-R'.c;], where 7" and " are parameters to be
estimated); E* = the amount of employment in sector k in zonej; a., = aregionwide coefficient
relating the number of type k employees to type n households; and W;" = a composite measure

WP= (L)1 % )" (L) Ondl 1+ (N7 &, N1

of the attractiveness of zonei to employees from resdentia group n, and given as
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and where L;* = the area of vacant, developable land in zonei; x, = the proportion of
developable land in zone i which has dready been developed; L = the area of residentid land
inzonei; and ', r", s" and b" are parameters to be estimated.

A smilar level of daboration has gone into development of a number of service employment
location models. Putman (1983) provides the following formulafor EMPAL :

E?t: ¥ Pit—l'Ai?—l'W?t—l'f (cij) 1 +(1-1) Eﬁ—l

where E;" refersto the anount of retail employment in sector R in time period t in zonej; Py is
the total population in zonei in prior time period t - 1, and W4 isthe atractiveness of zonej
for sector R activity in period t - 1. Thisisaso acomposite index of the form

W?t—lz (E*jt—l )ak L?k

for 1" = tota employment in zonej in prior period t - 1; L = the total land areaof zonej; and
aand R are parameters to be estimated. Findly, the "balancing term" A1~ in Eq.(12) hasthe
form

AiFta-lz [ éjttw?ft-l f(Ci‘}t)]_l

which isinterpreted within this and most spatid interaction modeds as the inverse of a spatiad
access bility index of the Hansen type (Hansen, 1959) (recdl Eq. 1).

Putman (1994) discusses the recent experience of regiona and metropolitan planning agencies
with these iteratively linked moddls, which require an additiona subroutine or submodd to
trandate their activity dlocations into suitable zona land utilization rates. He notes that income
group quartile and quintile disaggregations (the latter matching trip generation modd groupings)
are most common within DRAM; but that ethnicity may be at least as useful a component in
residence selection within some of our larger cities. He also discusses possible lagged variable
forms of DRAM as a means for improving next period forecasts of zond populations by income
group (Eq. 10 above). Similarly, within EMPAL anumber of employment sectors may be
defined, for example, based on Standard Industria Classification (SIC) groupings.

Thefirst operationa and truly “Integrated” Trangportation Land-Use Package (ITLUP) in the
United States appears also to have been developed by Putman (see Putman, 1983, 1991) to
provide afeedback mechanism between DRAM, EMPAL, and the mode split and traffic
assgnment components of the UTPS mode described in Sect. 2.3. Firss EMPAL allocates
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employment across analys's zonesin the forecast time period (period t) using prior period (t - 1)
accessihility, population, and employment totals. A typica sectora breskdown might be two
industrid (heavy and light), one basic nonindugtrial, and one nonbasic (e.g., retail) sector
(Webster et d., 1988). These aretypicaly 5-year forecasts. DRAM next forecasts the future
alocation of households using prior period (t - 1) locationa accesshilities but dso using the
forecast period t digtribution of zond employment.

A third submodd, actualy within DRAM and termed LANCON, cd culates land consumption
in the forecast period by combining base year data with aforecast based on multiple regresson.

DRAM dso contains the sysem's trip distribution models, by converting the housing alocation
probabilities into vehicle trips usng region-specific vehicle utilization rates. Three trip matrices
are produced: home-to-work, home-to-shop, and work-to-shop trips. The home-to-work trip
matrices are then split into private and public vehicular modes usng amultinomia logit modd,
and private trips are dlocated to the highway network using one of at least four available types
of capacity-condirained traffic assgnment (see Putman, 1983, 1991). Trave cost changes are
fed back into the resdentia and employment alocation models, which in turn—and subject to
suitable physical capacity or other planning congtraints on zond land use—will then generate
new interaction matrices as aresult of revised locationa accessibility measures.

Over the years Putman and colleagues have explored a number of variations on this static-
recursive gpproach to forecasting (Putman, 1983, 1984, 1991). Miller (1990) aso describes a
number of different gpproaches to this recursive modeling process and provides a matrix
formulation for ITLUP which mirrors Garin's (1966) matrix formulation of the origina Lowry
model.

In arecent study for PSCOG, Watterson (1993) aso describes the results of linking modified
versons of DRAM and EMPAL (see Watterson, 1990) to the widdly used UTPS software.
Thisstudy is notable for its use of widdy available modeling packages, aswell as an interesting
description of their gpplication to ahighly visble public planning study, beset with red-world
problems and deadlines. The process of generating aternative scenarios used was, however, a
much ssimpler one: firgt set basic employment levels, then for the year 2020 create a basdline set
of travel costs and run DRAM and EMPALL, then create scenario-specific sets of trangportation
system improvements for 2020, rerun DRAM and EMPAL, and then rerun the UTPS travel
models. Scenario-specific results are then compared to the 2020 basdine modd run. That is, a
series of aternative 30-year scenarios (1990-2020) are generated within a single feedback
loop. Attention was given to environmenta concerns, including the smulation of regionwide
mobile source emissons estimates. Scenarios devel oped included application of awide range
of TCM drategiesto different forms of polynucleated urban development.

An advantage of the DRAM/EMPA L -based gpproachesisther bassin generdly avalable
data sources. This emphasis also trandatesinto aweakness of the approach: the absence of
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any mechanism for amulating the land market clearing process underlying multiyear
infragtructure change. Clearly, more comprehensive smulation of the land market requires
additiond detathat is generdly difficult to collect, notably data on the pricing of land, housing,
and other forms of development. An unresolved issue is how effectively we can generate
multiyear land use-trangportation plans without incorporation of such additional details.

2.4.2 Normative Planning and Related Mathematical Programming Developments
2.4.2.1 Background

A second and equally consstent line of advance has resulted from a normative gpproach;
reflecting along held interest within the planning profession for best possible solutions.
Emphasis on prediction of future outcomes, or indeed the replication of current or past ones, is
replaced here by effortsto define, or to “design,” more efficient urban futures. This viewpoint
bringswith it at least three advantages: (1) it can make use of generaly smpler mathematical
formsthat are readily tied to theories of system efficiency, cost minimization, or net gain; and
therefore (2) it avoids the need to account for awide range of empiricaly observed
idiosyncrasies, while (3) usng mathematica programming frameworks to state the urban land
use-trangportation problem asasngle, if rather complex, mathematica formulation.

From early beginningsin the use of linear programming models of resdentia location (see
Herbert and Stevens, 1960; Harris, 1965), in which the “bid-rent function” (see Sect. 2.4.4
bel ow) made its operationa appearance, an important step forward came with the recognition
that spatid interaction models could aso be written as convex programming problems which
could themsalves be embedded within activity-allocation modeling frameworks (see Wilson et
a., 1981, for an extensive technicd treatment; also Erlander, 1977.)

The resulting urban “location-alocation models’ usualy take the form of convex mathemetica
programs subject to a set of linear planning congtraints. For example, an interesting
rearrangement of Eq. (1), usng the logit/entropy maximizing form of travel cost function, gives

a= e b(%lnw,--q,- )

A theorem for embedding interaction modds within mathematica programs (see Wilsonet d.,
1981, Sect. 7.2.3) then dlows the following mathematical program to be formed, in which the
maximization is now based on the selection of suitable vaues for both the volume of flows {S;;}
and the Size of activity centers{W;} :

- a
MaximizeZ (S; W; )= &;; S;( Eanj “Gj )
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subject to

Si=o[wjep(-bgj)/a wjep(-bc;)l
[which is arestatement of Eq. (2)] , and

&, W,;=W =total supply of floorspace

Codho and Wilson (1976) show how to remove the nonlinearities in the condtraint set (17) to
form the following mathematica program:

- a
MaximizeZ ( S; W, )= & S;( L )-(&;S;Ins;)

which can be stated more generdly as
Maximize Z = Net Locationd Benefits + Spatid Entropy

subject to the condtraint (18) on the overal supply of floor space (in their example, shopping

O=a i Sj "
floorgpace), and to the following origin-zone-specific activity congraints:

The entropy term (-S; In §; ) here reflects recognition of the systemwide level of spatia
dispersion associated with destination choice. That is, not dways the nearest (or largest)
activity center will be chosen. Again Rreflects atrave distance decay effect, while a, with
vaues between 0.0 and 1.0, ameliorates the effects of patia concentration of activities on this
degtination choice. Modd cdlibration requires that we find suitable vaues for the parameters a
and (3, aprocedure for which anumber of numerical analyss techniques (e.g., Newton-
Raphson, linear interpolation) arein generd use.

These and related discoveries led researchersin a number of countriesto use the mathematical
programming gpproach to pursue dternative formulations of interrelated facility location-
dlocation problems. Thisincludes the pralific work in the United Kingdom by Wilson and
colleagues ( MacGill and Wilson, 1979; Wilson et a. 1977, 1981; see dso thereview by
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Wilson, 1987), in Itdy, by Leonardi (1979) and Bertugliaand Leonardi (1980); in Sweden (see
Boyce and Lundgvist, 1987), in Australia (see Brotchie, et d., 1980; Sharpe, 1978, 1980,
1982, using the TOPAZ modd), and in Canada (Los, 1979). Similar efforts are well
represented in the United States. The mathematical model proposed by Boyce and Southworth
(1979), for example, embeds each of Wilson's singly constrained, doubly constrained , and
uncongrained spatid interaction models within a Sngle programming framework which
recognizes different population subgroups on the basis of the tempora stability in their resdence
and/or employment location. Boyce and Southworth's * quasi-dynamic” formulation aso
incorporates traffic route assgnment and mode split within a single optimization framework.

The incorporation of further components of the residentia, employment, and travel choice
decisons within a single jointly optimized modeing framework has been extensvely sudied in
recent years by Boyce and colleagues in Illinois, working with Chicago area data (see Boyce
1988; Boyceet d., 1983, 1992, 1993). Two related mathematical programming-based
models to have been gpplied empiricaly within the United States are Kim's Chicago area model
(Kim, 1989), used in aresearch context and Prastaco’s POLIS mode (Prastacos, 1986a,b;
Caindec and Prastacos, 1995) now used in actua planning practice.

2422 ThePOLISMode

Within the United States a combined land use-trangportation model built around asingle
mathematica programming formulation has recently been gpplied within the San Francisco Bay
Area. Thisfollows along tradition of land use-trangportation modeling which began in the Bay
Areain the early 1960s with a Lowry-derived gpproach, leading to a system of two
interactively operating models known as the Base Employment Model (BEMOD) and the
Projective Land Use Modd (PLUM) (see Goldner, 1983, for a retrospective summary of these
ealy efforts). During the 1980s the Association of Bay Area Governments (ABAG) again
developed a modding system for the region. Thismode is known as the Projective
Optimization Land Use System, or POLIS. Both the mathematical and dgorithmic details of
POLIS, aswell asadescription of the modd calibration efforts, are described by Prastacos
(1986a,b), and more recently by Caindec and Prastacos (1995).

POLIS incorporates a number of the theoretical developments introduced throughout Sect. 2 of
thisreview. The modd can be stated as a Sngle mathematical program which seeksto

maximize jointly the locationa surplus associated with multimodd trave to work, retail, and
loca service sector travel, and, sgnificantly and jointly, the agglomeration benefits accruing to

MaximizeZ ( Ty, S, DE] ,DELTAH; )=
basi c-sector employers (Prastacos, 1986a):
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where

Tijm = thenumber of work trips from zonei to zonej by mode m (private or public
transport),

Sik = thenumber of tripsinthe “retall” or loca service sector k,

Cim = theinterzond travel cost by mode m (al service sector travel assumed to be by
automohile),

W, = theadtractiveness of zonei for resdence;

W* = theaitractiveness of zone| asa center for retail or local service activity,

fi" = an agglomeration potentia function specific to zonet,

a’ = the exponent of this agglomeration function (amodel parameter to be estimated),

?E" = thenumber of additiona jobsin basic employment sector n (n e Kys) to be located
in zonej,

R, B° and ? spatid interaction and modal split submodel parameters to be esimated

The term ?H refersto the number of new households loceting in zonei. Itsincluson in EQ.
(21) ismade clear below.

Thejoint objective function given in Eq. 21 incorporates two spatia entropy terms, two travel
cost terms (both for work and service-sector trips, respectively), and aterm which adjusts the
zond didribution of basic employment within the region. Thisis maximized subject to a
ggnificant number of linear condraints. These include the usua non-negativity condraints on dl
flow and stock variables as well as condraints to ensure consistency between the flows (work
trips, dollars of retail and service expenditures) generated by the model and the number of
workers and households in each zone. They dso include a et of linear planning congraints
which both ensure congstency between the amount of resdentid and indudtrid land available in
each zone and the additiona amount of new housing and new employment assigned to those
zones by themodd. Findly, zond totals for households and jobs are reconciled with county-
wide sectora aswell as spatid totals in amanner that reflects the spatia agglomeration

44 Land Use Compendium



A Technica Review of Urban Land Use—Transportation Models as Tools for Evaluating Vehicle Travel
Reduction Strategies

economies of basic sector activity a this more macro-spatid level. For example, the

Hip_d'DH; _V;
dlocation of new households to zonei is subject to the following congraint:

where H; |, = alower bound on H,, the number of housesin zonei; V; = the vacant resdentia
land in zoneii; and d" = the average density of residentia development alowed in zonei. For
policy anayses the value assigned to d," could be used in salected zones to reflect nonmarket
(e.g., government-owned) land use or other zoning congraints.

Both residential attraction factors, Wi, and retail and service sector atraction factors, W,* used
in these entropy-maximizing spatid interaction models are themsdaves compodte indices. W; has

Wi=Vi[1+ Hi /(Hi+Vi)q ]

the form

where g = the ratio of median household income to median price of housing in zone i

W= L1+ Y, /(Y+ L) (B B gf
(interpreted as a housing affordability index). The W, ¥ have the form

where L; = total available land in zonej, Y; = nonresidential developed land in j, E* = the
employment total in sector k in zonej, and § is the summation of employment in j over al k

9i= A [ DHua&p(-bycy)]
sectors. Finally, the g* are accessibility indices of the now familiar form

Within POLIS this index represents the propensity of loca service sectorsto locate near new
populaion centers, using in this ingtance the number of new houses built in zonei in the prior
period (t - 1), ?H .1, to reflect such opportunities.

The zond agglomeration factors, f", are of considerable interest since they extend the approach
beyond the basic Lowry framework to provide a linkage between traditionally bility-
determined nonbasic activity and traditiondly exogenoudy determined (and incrementally
projected) basic economic activity. Despite extensive early recognition of the importance of
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agglomeration economiesin the growth of urban systems, as Berechman and Small (1988) note,
little has been done to bring such effects into operational models.

Lacking any data below the county level againgt which to congtruct such functions, they are
estimated by factoring the base year zond employment totalsin sector n, E", to be consistent
with both county-wide and regiona employment totals and recent rates of growth. These
county and sector-specific employment levels are themsdlves estimated as functions of prior
period employment levelsin both basic and nonbasic sectors. For example, for the

Eclo,t =dotQ: Eclo,t-l+ g.D E*l,t *tq4 Ec40,t

manufacturing sector, n = 1, this equation has the generd lagged, linear form

where ? = aregresson coefficients, co refers to county values and * to regionwide vaues, and
n =4 refersto the nonbasic “sarvices’ sector. That is, period t manufacturing employment
within each county isafunction of prior period employment in the sector, the overdl growth in
the sector regionaly within the current period, and the current level of employment in services
within the county. A sSmilar regresson modd was aso created to estimate the amount of
“trangportation, and finance, insurance, and red edtate’ activity within each county intime
period t, and which in thisingtance aso brought in the nonbasic retall as well as services sector.
Thereisan implicit assumption being made here that changesin basic employment are a
function of macrospatid effects which cut across county boundaries. To render the

n_ Ef (DE'/DE% ) (DEi / DEw ) DEw
' E%(DEw/DE")(DEs/ DE- ) DE”

agglomeration potentials zone-specific POLIS defines " as follows:

where the changes in employment variables, (represented by DE,) denote changesin the
previous time period.

As Prastacos (1986b) points out, however, using equations such as (29) in longer-term
forecasting may produce erroneous results, since the coefficients should not remain congtant if
the mode is indeed expected to capture the shiftsin locational patterns. He proposes ether the
useof relaxed versons of these regressions or derivation of confidence intervas for each of the
? parameters, a significant extra modeing burden. We return to this topic of urban
agglomeration tendencies in Sect. 3 of the review.

Prastacos (1986b) describes the practical implementation of this model for the Bay Ares,
including adiscussion of data sources and the multistep procedure required for model
cdibration. The nine county San Francisco Bay Area, which includes some 5.2 million
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residents, was divided into 107 planning and traffic zones. Two basic economic sectors
(manufacturing; transportation and finance, insurance and red estate) were modeled, aswere a
gngle “retall” and asingle “services’ sector, using selected SIC codes. Employment in the
primary sectors of agriculture and mining are aso dlocated to zones by POLIS, using base year
conditions and land availability to determine these natura-resource-congtrained activities.

Two transportation modes are modeled, termed private and public. Calibration consists of
choosing values for the parameters R, 3%, ?, and @". Thisisaccomplished by first cdibrating
the spatia interaction submodels to obtain the work and retail travel flows, T, and S, by
matching the entropy levels in both model-generated work and service trip matrices to
“observed” data. In the case of the work trip model this process also requires iteration with a
logistic moda split moddl, so that not only is ? cdibrated but it isaso used to weight the
resulting work trip destination model's bimoda (private and public) i-to-j cost matrix [recal EQ.
(4) above]. A single ¥ is calibrated to both service and retail sectors. Once suitable mode and
gpatia interaction model parameters are found, a separate calibration stage uses these best-
guess values to search for suitable @ values which would reflect existing spatid (zond)
agglomeration of activitiesin the two basic sectors. This cdlibration processis the reverse of
that used in mogt previous modes, which typicaly have begun with the cdlibration of the
parameters affecting activity location decisons, followed by cdibration of the travel behavior
parameters.

POLIS represents an ambitious attempt to bring a range of planning congtraints aswell asa
concern for gpatial agglomeration economies into a practical land use modeling process within
the context of consumer surplus, utility, and entropy maximization theory. The gpproach aso
demondrates the viability of usng methodologica advancesin nonlinear programming coupled
with the application of a number of useful numerical andysis routines. Caindec and Prastacos
(1995) describe the most recent empirical gpplication of the latest verson of POLISto the Bay
Areg, induding a detailed description of a dightly modified mathematica modd and the
asociated calibration exercise. Thistechnica report dso overviews the use of POLIS as one
sep in afour-tiered modeling process used by ABAG. A detailed description of this process,
as applied in the Projections 92 project, is provided by Brady and McBride (1992). The
process conssts of usng ABAG's Regiond Economic-Demographic Sysem (REDS), a
dynamic input-output (1-O) model (see Sect. 2.4.3 below) which estimates regiona population
and employment totals in 38 different industria sectors to feed data to the County Employment
Forecasting System (CEFS) mode (Caindec, 1994). CEFS in turn uses multivariate regresson
and historical datato estimate job growth for 32 industria sectors within each of the nine Bay
Areacounties. These growth trends are then used as inputs to POLIS, which forecasts the
digtributions of future population, housing, and employment among 114 Bay Areaanadyss
zones. Finally, these POLIS-generated forecasts are used within the Subarea Projections
Modd (SAM) ( see Yang, 1993) to alocate employment (by three “basic” and three “local
serving” SIC categories), population, number of households, land use, and forecast household
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income and its distributions across the region’s 1,209 census tracts® SAM then uses a series of
incrementa formulas based on combinations of base year activity levels and survey-based
“development potentials,” the latter defined in terms of acreage, housing units, and employment
opportunities.

As described by Brady and McBride (1992), this four-tier spatialy hierarchica modding
process uses historical data from 1980 and 1990 to generate inputs to a series of forecasts for
the years 1995, 2000, 2005, and 2010. The system has anumber of uses. It helpsthe region's
planners address issues associated with the alocation of federd and state funds to not only
transportation infrastructures but aso sewage treatment plants and other capita facilities. The
gystem’s projections are dso used to inform mandated housing needs studies for each city and
county in the region, to inform loca government congestion mitigation plans, and to provide
inputs to the estimation of stationary and mobile-source air pollutants. The system'’s
documentation provides consderable technica detail and an excellent perspective on the role of
integrated land use-trangportation planning models within the larger urban/metropolitan planning
process. It aso educates the reader as to the considerable data requirements and level of effort
required to generate such planning forecasts, a process developed over many years in the Bay
Area.

Currently missing from the framework is any form of detailed, congestion-sengtive network
routing submodel. On amore conceptual note, an unresolved debate within the literature
concerns the use of optimization frameworks which seek to jointly solve for both travel activity
patterns and urban activity alocations. Much of the issue revolves around whether forcing a
jointly optima solution isavaid target for smulation, given the generd ingability inherent in, and
many additiona factors conditioning, urban growth and change. A subissue is the extra
computationd time and more sophisticated optimization routinesit may take to achieve such a
jointly optimized solution. The conceptua issueis indeed a complex one and needs to betied to
the specifics of each modd's underlying assumptions, computationa form, and intended use,
Thereis no doubt that the above mathematical programming devel opments have helped andysts
to shed new light on the meaning of different mode structures. They have dso provided an
effective mechanism for smultaneoudy introducing a variety of planning congraintsinto the
problem. Asto whether, or to which set of planning variables, we need to jointly optimize over
may depend on the question being asked. It should certainly depend on the time frame being
modeled. Complicating the issueis the tendency to associate amode's objective functions with
particular, and in generd partia, forms of economic aswell as spatia equilibrium; opening up a

> A probit mode was calibrated against 1990 Census data to project household income
distributions within each census tract.
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whole theoretica debate involving the tempord progression in both travel and nontravel prices
and their resulting influences on urban form. Thisissue is developed further in Sect. 2.5 below.

2.4.3 Multisectoral Spatial Modeling Using I nput-Output Frameworks
2.4.3.1 Background

A third line of development drawsitsingpiration from the intersectora 1-O gpproach to
economic analysisintroduced by Leontief ( 1967). In particular, this approach provides a
generd framework from which to begin to integrate the manufacturing and other basic industria
activities, which are treated as exogenous inputs to the urban development process by Lowry-
based models. The basis of this approach is to extend the classicd 1-O modd to include
gpatia disaggregations. Notable early developmentsin this areainclude the work by Leontief
and Strout (1963) and, bringing entropy and therefore logit forms of interaction modd into the
process, by Wilson (1970, Ch. 3).

We begin with the following definitions. Let X™ = the total output of economic sector min zone
i; X;™ = the output of m from zone i used in sector nin destination zonej; Y," = the find
demand for the output of sector min zonei; and let 3™ = asst of spatidly explicit technical
coefficients which trandate a unit of output m into a unit of input n. We then have the following
identities:

Xi'= &, X"+ Y= & jna XY

which in matrix representation implies a spatialy disaggregated verson of the familiar

X=(1-A)Y

[-O rdation:

where X isavector of endogenous sector outputs, Y avector of exogenous demands, A a
matrix of technica coefficients, and | an NxN unit, or identity matrix (a matrix composed of 1's

al"=zMep(-b"cl )/ &;ep(-bcf)

in the diagonds and zeros lsawhere). Now (after Wilson et d., 1981, Ch. 10), if welet

we have a set of technical coefficients, ;™" defined as an amagam of aset of Z™ destination
(receiving) zone specific coefficients, and an attraction-congtrained spatia interaction model.
This lets us restate Eq. (28) as

o

Xi'=anl zi"ep(-ba) X'/ aiep(-bci)]+y"
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which is an intersectora, destination-congtrained spatid interaction model in the popular logit
form. With smilar forms aso possible for origin (production) as well as both production and
attraction-constrained coefficients, such developments extend Lowry-like intersectora
modeling, in concept at leadt, into more comprehensive basic and nonbasic frameworks.

Other variations on such intersectora/interzona modeling are discussed in MacGill and Wilson
(1979) and Wilson et d. (1981), who aso show how such modes may be embedded within a
variety of entropy-maximizing, utility-maximizing and spatid surplus-based mathematical
programming formulaions.

2432 TheMEPLAN Model

A number of operationad models make use of such developmentsin intersectord 1-O modeling,
including the MEPLAN, TRANUS, and Kim models listed in Table 2. MEPLAN appearsto
offer the most experience with, and elaborate extensions of, the approach to date. The
following description is based on Hunt and Simmonds (1993) and Hunt (1993, 1994).

Land and transport are treated in MEPLAN as two parallel and interacting markets. Behavior
in each system is modeled as a response to price or price-like sgnds (including travel disutility).

Aswith other operationa approaches akey relationship isthe effect on locationa accessibility
of travel cost and time changes, which find their way back, in atemporaly lagged manner, into a
set of activity-location models. This once again occursin a Lowry-like context, but within a
much extended set of sectoral selection options, subject, given suitable data, to explicit market
pricing variables. Within MEPLAN, the demands for transport are caculated directly from the
interactions predicted by the spatia economic system defined within the land use moddl. The
need for atrip distribution modding step is obviated by the direct trandation of what are termed
trade flows, or “trades’ from the land use modd into suitable modd volumes. An eaborate
interface between the land use and transportation models trand ates these trade flows (labor,
materids, services) into mode specific trip matrices. Trips are assgned to modes by logit
models and, subsequently, onto the highway network using aversion of Did’s (1971)
probabilistic, multipath assignment routine that takes into account costs and congested travel
times. Interms of the smulated dynamic, land useisinfluenced by the pattern of usein the prior
period and by previous period transport accessibilities. Trangport is influenced by previous
infragtructure and present activity patterns arisng from land use.

Theland use mode here requires further elaboration. Within this model, goods, services, and
labor (households) are grouped into various categories, or “factors.” Some factors are
consumed in the production of other factors within amodified 1-O framework. Total
consumption of any factor n, T;", in land use zone | is computed on a zone by zone basis using
equations of the form:
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T§=Dg+Qq

o

D&= & ,a™ T)

with

where m and n again refer to different factors of production, g™ = a “demand coefficient”
equd to the volume of factor n consumed in production of factor min zonej, Dg;" and Qg;"
refer respectively to the endogenous and exogenous components of the total volume of factor n
consumed in zonej, and T, refersto the total volume of factor m produced in zonej. Such a
factor may be employment within the retall sector, for example, leading to a st of "trade flows'
which are subsequently aso converted into vehicular trips.

Hexihility is added to this modeling system by alowing the demand coefficients, 3™, to be
treated as either fixed, factor price senstive, or factor price and income senditive. Price dadtic

a.rjnn: a’]mn_l_ ba(p[ -a mn( TT)J ) ]
consumption is modded using the following equetion:
where g"™ = fixed consumption, T,;" = the price of consuming a unit of factor nin zonej, a=a
price sengtivity parameter, and b = acongtant. Alternatively, a Stone-Geary consumption
function (Theil, 1980) can be invoked, which represents households as utility maximizersin the

consumption of housing space and various goods and services (see Hunt, 1993, for
mathematical details of what is an embedded optimization problem).

Thetrandfer of factors between land use zonesisintroduced by adlowing demand arising in a
given zone to be satisfied by production brought from other zones using the following logit

t7=T& [ ep(1"Vv])/ & ep(1"v)]

Vi=Th+dj+ &'+ Qg
where Hunt (1993) defines V;" to be:
nd wheret;" = the volume of factor n produced in zone i and consumed in zonej; 7" = a

disperson parameter associated with the distribution of production of factor n; and where the
four terms on the right hand sde of Eq. (39) refer respectively to the cost of producing a unit of

Land Use Compendium



A Technica Review of Urban Land Use—Transportation Models as Tools for Evaluating Vehicle Travel
Reduction Strategies

nini (Ty"), the disutility of travel between zonesi and j, (d;"), asize term which accounts for
thea priori likdihood that a unit of factor nis produced in zonei (s"), and a zone-specific
disutility associated with producing factor nin zonei (Qs").

The price associated with consuming a unit of factor n, given as T in Eq. (34) aboveis
endogenoudy determined within MEPLAN in one of two ways (Hunt, 1993). Oneway isto
compute it as the weighted average of the cost of producing and shipping the factor in each zone

Tw= & (/T )(To+di )+ Qy

i plusthe cost of getting it to zone j, asfollows:

where d;" = the monetary cost of transporting aunit of n fromi to j, and Q" = an exogenous
component of the price in zonej (to help caibrate the modd, or to introduce taxes into the
framework). Alternatively, an iterative process can be used to establish it as the market price

TO=TE &, () /sp)1™”

which results from equilibration between supply and demand for factor nin azone

where T,;" = the unit consumption price for factor n in the previous modd iteration, and §" =
the totd availability of factor nin zonej.

Equation (41) istypically used to represent the market process that establishes the price for
floor space or land, with the demand for land being elastic with respect to price, thereby
alowing total demand to respond to zona space congtraints. The resulting prices, as

To=a&na); Th+ Q)
established by Eq. (34), then determine the costs of production within zones, i.e,

where T,;" = the cost of producing a unit of factor min zonej, and Q™ is another exogenous
component of the cost of producing, in this case, aunit of factor m.

Running the MEPLAN modd involves solving Smultaneoudy for the above equations, in
practice via a sequence of nested iterations. Hunt (1993) describes the above process as a
seriesof “chans’ in prices and costs that run opposite to the “chains’ in demand (the 1-O
gructure), beginning whenever amarket price is determined by a congtraint on supply (typicaly
supply of space) and resulting in the prices for factors being exported. In terms of the overdl
amulated dynamic, land use isinfluenced by the pattern of such usein the prior period and by
previous period transport accessibilities. Transport is influenced by previous infrastructure and
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present activity patterns arising from land use. Once the system of land prices and trades has
settled down to provide asingle point in time representation, recursion then moves the system
from one equilibrated point to another—a cross-section static-recursive system supplemented
by judicious use of lagged effects between some varigbles.

Within this generd framework, arange of different travel modes, household groups, and
industrid sectors have been tailored to specific studies (see Hunt and Simmonds, 1993, for
examples). This can include walk and mixed moda trips, assgnment of combined freight and
passenger flows to networks, the modeling of work, education, shopping, and other nonwork
trips, and home delivery of goods. A further MEPLAN module uses the results from these
modelsto carry out a detailed cost-benefit analys's, including socid and environmental
indicators. While data requirements for a fully implemented modd are potentidly rather
daunting, Hunt and Smmonds (1993) claim that the generdity of this highly synthetic modeling
framework dlowsit to be tailored to handle relatively modest data inputs—no more than less
comprehensve systems which do not contain any land rent, production cogts, or other pricing
vaiables. Thisisatestimony to many years of software and mode refinement. They do,
however, point out the difficulties often involved in selecting the mode's many parameters,
typicadly involving extensve iterations and retrids, not dwaysin a purely automated fashion (see
Hunt, 1994, for adiscussion of this process).

244 Contributionsfrom Urban Economics
2.4.4.1 Background

The concept of treating both land and transportation systems as market processes with
endogenoudy determined codts, as exemplified by MEPLAN, grew out of the urban economics
literature. Beginning with the work of Wingo (1961) and Alonso (1964), thisinvolves the
gpplication of neoclassica economic theory to urban land use patterns, notably residentia land
use, which is dlocated across space on the basis of aland market clearing process. Millsand
Mills and Hamilton (1989) and Bertuglia et d. (1987) provide reviews. Under this genera
gpproach, individuas are assumed to maximize utility by selecting an optimum resdentia
location, which in turn depends on a trade-off between housing price (which in the early modds
amply decreased with distance from the CBD) and transport costs (which increased with
distance from the CBD). Thistrade-off is represented in the form of a*bid-rent function,”
which describes how much each household iswilling to pay to live at each location. On the
supply side, each location is smply assumed to be rented to the highest bidder. Such bid-rent
functions are now incorporated in a number of operational models.

Thework of Mills (1967, 1972), using linear programming formulations, further advanced the
notion of a spatia market equilibration process in which stability occurs when dl households of
agiven type (typicdly reflecting income group) are located so asto be equdly well off.
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Subsequently, these same notions have been extended by Anas (1984) and Kim (1989) into
more comprehensgive, nonlinear, entropy/utility-maximizing and network-based programming
forms. Thisincludes empiricad work to implement their ideas, both using Chicago area data.
Thiswork aso hasimportant overlaps with the combined modeding of Boyce and colleagues
(seeBoyceet d., 1983, 1992, 1993) discussed in Sect. 2.4.2 above, where the ideas of
systemwide optimization across a number of choice dimensions (mode, locetion, etc.) find a
bassin the search for a suitable, sysemwide equilibration of various travel and land use supplies
and demands. An excdlent text by Oppenheim (1995) now aso offers a comprehensive
mathemeatical trestment of the connection between individua choice behavior based on an
economic (utility maximizing) rationale and an urban system's behavior in searching for an
equilibration between transportation supplies and travel demands.

24.4.2 Kim's Chicago Model

By combining Mills sidess of agenerd urban system equilibrium with Wilson's gpproach to
probabilistic spatid interaction, Boyce et d.'s notions of combined transportation-facility
location models, and Beckman et d.'s concept of equilibrated demand and supply over
networks, Kim's Integrated Urban Systems Modd for Chicago (1989) offers a complex if
computationdly tractable mode with strong ties back to urban economic principles. The moddl
offers a generd equilibrium solution between the demand for and supply of transportation and
activity locationsin the strict economic sense. Like the MEPLAN modd discussed above it
aso determines prices endogenoudy, if in adifferent way. It is sdected for presentation here
because it shows quite clearly its strong linkages to the type of inter-regiond input-output
modeling described above, while dso being formulated (and therefore succinctly presentable)
within asngle mathematical programming framework. Specificaly, Kim's combined mode of
“land use and density, shipment route and mode choice with network congestion” has the form
(Kim, 1989, p. 88):
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where the following are exogenoudy supplied mode varigbles:

E total export of commodity r from the urban area as awhole.
ays = theamount of input q required per unit output r with the s production technique when
production takes place in an area a s-intengity of land use (i.e,, s-story building).

Hereqrangesfrom 1tor + 2, inwhich therange 1 tor -1 represents input of
produced goods, r = labor input, r + 1 represents land inputs, and r + 2 represents
capitd inputs. Theranger = 1tor - 1 can specify typica urban production sectors,
such as sarvice, retall, and manufacturing. Sector r is the household sector, each of
which consumes some of each good produced plus housing. (Goods imported into
the urban area and used by households are not in the modd!).

d’ = theunit cost of exporting commodity r from each zonei, if i belongs to the set of
export zones iel®

d = the passenger car equivalent of road space occupancy required for shipping
commodity r
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djp™ = theindident matrix; = 1, if route p from zonei to j by mode k indludeslink a for
shipping r; = 0, otherwise

l the avallable land in zone i

S thelevd of spatia interaction (entropy) in the system for commodity r

L = the opportunity cost of land at urban periphery. It isassumed that as much land as
needed can be rented by expanding the urban areg; i.e., by increasing the number of
Zones.

R = therenta rate of aunit amount of capitd. It isassumed that unlimited amounts of

capital can be acquired &t this rentd rate.

and the following variables are solved for within (endogenous to) the modd:

E' = totd export of commodity r from zonei.

X = theoutput of commodity r in zonei

X" = theoutput of commodity r produced with s-intensity of land input at zone i

Xj' = theunitsof r shipped from zonei to zonej. &, x|; representsthe total amount of
commodity r shipped to zonei from &l other originsand & ; xi; represents the total
amount of commodity r shipped from i to dl other destinations.

Xijp® = theunitsof r shipped fromi to by path p on travel modeKk.

Ca(x) = thegenerdized cost of travel (shipment) by mode k on link a at flow volume of x

f¥ = theflow volume of modek on link aeA¥, the set of links used by mode k

Substitution between land and other inputs is represented by the a,s coefficients, inwhich s
represents a production technology which equates with various intensties of land use. Within
the moddl, goods and services can therefore be produced in tal buildings by usng smaler land-
output ratios and higher capita-land retios, as typicaly observed in the service sector in many
urban aress.

The objective function (43-44) isajoint minimization of the solution to a Wardrop equilibrium
assgnment of flows to network links [recal Eq.(6)—( 9) above]; the total costs of exporting
commodities out of the urban system; and the tota land plus renta costs summed over al zones,
commodities, and production techniques used in the urban system. Equation (45) ensures that
the modd-assigned link traffic volumes equa the volumes assigned to al origin-to-destination
specific paths using that link, and Eq. (46) congtrains zond exports of each commodity r to
match given totals. Equation (47) ensures that the total amount of commodity r produced in
zonei plusany brought into it from other zonesis at least equd to the amount of r sent to other
zones, used in other sectors, and exported from the zone. Equation (48) ensures that all
commodity r production summed over dl s-intendty land uses equals the total production of r
and that flows of r from i to j are correctly summed over al modes and network paths used in
the traffic assgnment modd. Equation (49) ensures that a suitable level of entropy (spatid
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dispersion) in destination and mode choices takes place (these can be solved as nested logits),
and Eq. (50) ensures that the amount of land used to produce commodity r in zonei a various
intengities of use s does not exceed the amount of land available for the purpose. Findly,

Eg. (51) sets nonnegativity congraints on al flows, zona product totas, and exports.

Solution of the program yields a combined network demand-supply balance supported by an
dlocation of activity levelsto zones which ensures that the margind cost of producing r &
location i plus the equilibrium unit shipment cost from i to j by mode k should equa the margind
cost of producing r at location j. Also at equilibrium, commodity r in zonei will be produced at
intengity level saslong as the net benefit associated with doing so is at least equal to the capita
(R) plusland (L) cogts of producing aunit of rini & thet intengty level.

Kim (1989) has managed to calibrate a verson of thismodel, at arather aggregate spatia
(zond) leve, using various and extendve data sources collected for the Chicago region. To
date thismodel does not appear to have been gpplied in a policy study to which its output was
arequired contribution. Nevertheless, the various caibration routines exist, and in this sense the
mode is an operaiond one. The gpproach demondrates the possibility of bringing important
aspects of urban economic theory into intersectoral, spatid-interaction-based discrete choice
modelsin order to move towards more comprehensive urban modding frameworks. As
described, the model does not contain a procedure for trandating its activity alocationsinto
actud land use arrangements within zones. However, it does operate directly upon detailed
representations of moda (highway and rail trangt) trangportation networks. In the above form it
appears best suited to adecidedly strategic, multiyear analys's of dternative urban devel opment
options.

2.4.5 Usesof Micro-Analytic Simulation
2.4.5.1 Background

Microandytic smulation, or “microamulation” for short, refers to the method of generating
random numbers from within prespecified probability distributions, which numbers are then
assigned to a specific response or response value. For our purposes such aresponse may be
associated with a particular traveler attribute or with a specific travel choice. Theideaisto
generate a sevies of traveler attributes and/or travel choices in this manner, to build up adetailed
representation of specific trips or multitrip trave activity patterns. Summing over al of these
individualy smulated travel patterns provides aggregete vauesfor planning sudies. With the
advent of low-cogt, high-powered computers, this procedure has become an increasingly
popular andysistool.

In recent years, the technique has been gpplied within a range of multistage decison-making
modeds. These include the use of the Recker et d. (1986) STARCHILD modd to represent a
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complex series of individud traveler-within-household decision-making processes and of the
Harvard Urban Development Smulation (HUDS) (Kain and Apgar, 1985) and Cdifornia
Urban Futures Modd (CUFM) (Landis, 1994), both large-area housing smulation models, the
latter with a potentid for andyzing transportation improvements. Most recently, Barrett (1994)
describes an ongoing set of developmentsin which Monte Carlo smulation once again playsa
key role. Thisisthe TRANSIMS modding effort funded by the Federal Highway
Adminigration as an experiment in Smulating a complete areawide set of individud traveler-
based urban activity patterns. Microamulation is aso the technique around which the
MASTER land use-transportation model described below is constructed (Mackett, 1990b).

The principd utility of the microsmulation gpproach is thet it lets us incorporate a number of
dimensions of both individuas and their choice processes which would otherwise require an
excessve amount of disaggregation in modd-based accounts. Within the Dortmund model
liged in Table 2, for example, Monte Carlo based microsmulation is used to smulate the
intraregiona migration of households as a search process on the regiond housing market
(Wegener, 1982b). Here the technique was used to overcome an otherwise impractical
disaggregation of this submode into 30 household types, 30 housing types, and 30 traffic zones,
yielding 24.3 million possible kinds of moves to be anayzed.

A second appedling feeture of the method isthat it is relaively easy to understand and to
implement. To create a piece of software to Smulate a particular process usng Monte Carlo
amulation, dl that is required is a suitable random number generating routine, asuitable
probability digtribution (or the raw data itsdlf, perhaps in histogram form), aroutine for alocating
values between 0.0 and 1.0 to randomly selected choices on the basis of this distribution (data),
and aroutine for collecting the results of the sampling exercise. All are readily available today
on persond computers. A more sgnificant chalenge involves the acquisition of suitable data,
the determination of a suitably representative sample size for analys's purposes (for which well
established methods exist in most cases), and the ability to place such sampled responses within
an appropriate modding framework. Procedures must aso be developed to capture the
cumulative effects of common activities such as traffic congestion and spatia agglomeration of
commercid or indudrid activity. Thisraises someinteresting and chalenging questions for
model design, issues not yet clearly eaborated within the literature.

A third useful feature of the method is that it dlows not only the explicit tracking of smulated
individuds (travelers, households, companies) status over time, but also a detailed tracking of
the smulated changes in the use of individua land lots. Where suitable time series data exidts,
even at aquite aggregete level of resolution, this provides a useful means of checking the
reasonableness of the modd processes underlying the smulated outcomes.  Scrutiny of such
microsmulated tempord paths has aso been found by the present author to provide useful
indght into the implications of using dternative modd forms as well as dternative parameter
vaues to replicate a particular multistage process (Dde et d., 1993). Certainly, microsmulation
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offersagood dedl of flexibility in experimenting with different event sequencing, which is not
present in traditiona land use or trangportation planning models. Its gpplication to the nature
and timing of landowner and land devel oper decision-making processes offers an interesting

possibility here.
2452 The MASTER Model

The MASTER modd (Micro-Andyticd Smulation of Transport, Employment and Residence),
developed in the United Kingdom by Mackett (1990a,b), is an integrated land use-
trangportation modd based on microsmulation, using Monte Carlo methods to smulate the
decision processes that a set of individuas and their households go through over time. The
following description is based on Mackett (1990b), where additiona details are to be found.

Households are considered one a atime, but are grouped together at certain pointsin the
amulation to alow use of aggregate values. Thefirst processes considered are demographic
ones, including aging, giving birth, dying, divorce, and marriage. Populaion change is modeed
explicitly within the model. Marriage and divorce lead to the creation of new households. With
divorce, what were once joint possessions, including children and automobiles, are divided up.
Divorcees become one class of “forced movers.” Voluntary moversinclude newly married
couples, sngles leaving the parenta home, and wholly-moving households influenced by
changesin afamily'slife cycle. Both public and private housing markets are recognized, and
dwelling occupancies are tracked from one period to the next. Choice of residence zone is
based on aweighted function of generalized travel to work cogts for the head of household.
Both the supply of jobs and dwellings are exogenous, zone-specific inputs to the modd. Zone
Sze gppears to be at the discretion of the modéer, recognizing of course the geographic detall
contained in the available data. Choice of dwelling type is based on household size and
composition. Other household members' job selections are dso considered, and changesin
economic status for smulated individuals may include redundancy and retirement. The
avallability of vacant dwellings is tracked for each resdence zone in the system. Changesin
economic activity are consgdered after a household moves residence. 'Y oung people become
economicaly active as afunction of their education level, sex, and parents socid group. They
become employed, unemployed, or, eventudly, retired. Retirements and job changes create
job vacancies. Jobs are associated with specific salary ranges.

The transportation processes modeled are becoming an auto license holder, car ownership, car
availability, and choice of mode to work: each varioudy functions of age, sex, household
income, household composition, and mode-specific costs of travel. To change mode of travel
to work, either a changein job or home location or a change in vehicle ownership or availability
must occur or asgnificant changein travel costs must be introduced. Logit forms are used to
select the mode of travel. If family members work aong the same trave corridor, carpooling
isaso possble. Only the work trip is discussed, shopping and other trip purposes are not

Land Use Compendium 59



A Technica Review of Urban Land Use—Transportation Models as Tools for Evaluating Vehicle Travel
Reduction Strategies

included in the process described. Assignment of traffic to specific routesis aso not included in
the modd, therefore, congestion is not modeled explicitly. Mackett suggests that including such
aroutine would be relatively straightforward. However, it would require an expansion of the
results from the 1% sample of households he suggestsis sufficient to calibrate the modd, up to a
100% sample for the purposes of placing the aggregate travel demands for roadspace to
network capacities. 1t's not clear how this would be accomplished.

Mackett (1990b) compared the gpplication of the MASTER mode with the Leeds Integrated
Land use Trangportation (LILT) model, amore traditiond, if extensvely modified, Lowry-type
of zondly aggregated smulation modd. Inhisandyss, he compared the sengtivity of the two
models to large increases in bus fares and automobile operating costs. He computed two sets
of modd-specific linear dadticities for automobile ownership; mode choice to work; and work-
trip length, time, and costs changes. He also compared linear eadticities associated with
employment and population redigtribution over the 20-year time frame. His generd finding was
that the MASTER modd produced sensible results, and that differences in eadticities between
the two models were readily interpretable.

While such findings are reasonably encouraging, Bonsdl (1982) points out that microsmulation
isnot panacea for data-hungry smulation models. He concludes that using the techniquein
conjunction with suitable travel activity scheduling models (see Sect. 3.3 below) and sample
enumeration techniques offers some attractive possbilities. However, he emphasizes the need
to establish carefully the accuracy of the mechanisms being smulated and, in particular, the
applicability of generic proceduresto different traveler groups.
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2.5 Approachesto Urban Dynamics
2.5.1 Background

Figure 6 presents a genera representation of the sort of discrete multiperiod dynamic employed
by currently operationa systemsin their attempts to smulate the evolution of the urban system.
The usud means of forecadting the effects of different trangportation system improvementsinto
the futureisto “fit” both the trangportation and land use models to a base year, denoted astime
period t, and then try to project these same relationships forward into time period t + 1. The
timeinterva betweentimet andt + 1 in Fig. 6 varies by modeing system, from aslittleas 1
year to asmany as 30. Inthe smplest case, asingle 20-or 30-year time interval may be used to
project both trangportation and land use forward in time under various investment and growth
scenarios (the Puget Sound Council of Government model used such an approach). A better
approach isto iterate through successive shorter-term(1-, 2-, or 5-year) forecadts, using the
results from the latest forecast as a baseline for each subsequent projection. Some model
sructures can dlow both options. Anas (1994) indicates that the METROSIM mode can be
used ether to obtain a one-shot, long run equilibrium forecast for transportation and land usein
ametropolitan area, or to create a sequence of annual changes in both land use and
transportation which can be run until convergence to a steedy state is achieved.

Difficult to predict changes, such as changes in the location of new basic employment, are
usudly handled, even within the more advanced models, in an incrementa fashion and often
treated as exogenous inputs. Residential, service, retail, and, in some cases, selected
manufacturing employment activities are then advanced and redistributed on the basis of travel
cogt-adjusted locationd accesshilities. How this occursin practice varies by modeling system.
Both resdentiad and employment activity Multi-Period, Recursive Smulation of Urban System
Dynamics locations may be stabilized within asingle time period, or one may be related to
another in a subsequent time period using lagged equations (recal the ITLUP modd description
above). The accessbility-based travel patterns which result from such redistributions are often
smulaed to reach a stable demand-supply equilibrium during the current time period.
Alternatively, the process may become a more open-ended one, in which constant
readjustments in both land/floorspace alocations and trangportation infrastructure and services
are taking place within lagged equation forms (see Wegener, 1994, for adiscusson). For
example, Hunt and Simmonds (1993) conceptudize the urban dynamic simulated in MEPLAN
asfollows (pp. 223-224): “In each market thereis at any time an adjustment towards
equilibrium. However, this adjustment islimited. It is limited by the impossibility of
ingantaneous changes in ether building stock or trangportation infrastructure and by the
imperfection of the information exchanges in the sysem. Thisleadsto ddaysand lagsin the
adjusment of the system to its own price and congestion signals. The result isthat the urban
structure continualy moves toward but probably never reaches an equilibrium.”
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Figure®.
Multi-Period, Recursive Simulation of Urban System Dynamics
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Figure 6. Multi-Period, Recursive Simulation of Urban System Dynamics

Theimplication is that trangportation system changes, notably mgor infrastructure invesmentsin
new highways or rall trangt lines, will need time to affect urban land use patterns. Once
introduced, such land use patterns may then aso, but within shorter time frames, induce further
changes in urban travel demand. Just how this is accomplished in terms of intrgperiod versus
interperiod increments often depends upon the time interval chosen between modd iterations,
which in turn usudly depends upon the origind purpose behind a modd's devel opment.

Greater subtlety aswell as redlism isintroduced into the more e aorate modeling approaches
by dlowing different rates of change in housing and transportation stock adjustments versus
resdentid and employment activity redlocations, or versus short range travel (mobility)
adjustments. Wegener’s (1986) model for Dortmund provides one of the most conceptually
satisfying implementation of such ideasin practice. His gpproach is presented briefly below.
2.5.2 The Dortmund M odédl

Aswe learn, and perhaps in order to learn, more about the true nature of urban system
dynamics, it gppears that increasingly comprehengve urban smulation modds are required. The
Dortmund modeling system, along with MEPLAN, METROSIM, and the 'Bay Area system of
models containing POLIS, dl strongly reflect thistrend. Wegener's Dortmund modd is sdlected
for review below. It not only offers one of the most advanced implementations of a multistaged
urban land use-transportation systems dynamic to date, but dso makesinnovative use of spatia
interaction moddls as well as microsmulation methods within its framework.

The Dortmund modeing system was developed for the city of that name in Germany by
Wegener and colleagues (Wegener, 1982a,b; Wegener, 1986; Wegener et d., 1991).
Dortmund, as discussed below, refers to the intermediate level modd in a three model
hierarchy. Within this hierarchy, a macroandytic mode of economic and demographic change
smulates employment by industria sector and population by age, sex, and nationdity within
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each of 34 labor market regions, as well asinterregiona migration rates within the State of
Nordrhein-Westphaen. Dortmund is a mesoscopic spatial model which uses this regiona
context to Smulate the intraregiona |ocation decisons of industry, resdential developers and
households, and associated public policy impactsin the fidds of housing and infrastructure. The
mode was developed primarily to study the impacts of long-range economic and technological
change. The mode was aso used recently by Wegener (19954) to examine the effects of urban
activity reorganization on the reduction of carbon dioxide emissions.

The Dortmund modd is applied to a 30-zone region centered on the city of Dortmund, aregion
with a population of some 2.4 million resdents. At the third level in the complete model
hierarchy isamicroanaytic mode of land use development within any subset of 171 Setigtical
tracts in the Dortmund urban region. Tracts vary greatly in Size, but the mgority contain
between 2000 and 5000 residents (Wegener, 1982a). The purpose of this more spatialy
detailed mode is to alocate congtruction generated by the mesoscopic or zond Dortmund
modd to tracts within a zone.

The following description is focused on the mesoscopic mode only and is based largely on the
version described in Wegener (1986). A smulation run involves seven interlinked submodels
dedling respectively with (1) car ownership and transport; (2) aging of people, households,
dwellings, and workplaces, (3) relocation of firms, redundancies, and new jobs;

(4) nonresidentia congtruction and demoalition; (5) resdential congtruction, rehabilitation, and
demoalition; (6) labor mobility (change of job); and (7) household mohility (change of resdence).

A good dedl of thought has been put into the issue of Smulating urban dynamics. Wegener
(1986; see dso Wegener, Gnad, and VVannhahme, 1986) classifies urban and regiona changes
asfdling within ether fast-, medium-or dow-response processes. While reldively rapid
changes in mobility can be brought about by trip mode or route choice and, possibly alittle
more dowly, by home, job, or firm relocations, much dower processes are involved in changing
the more expensive physica structures of the city (its housing, factories, office and shopping
centers, and transportation routes). Also at work are medium-speed changes, involving ether
socioeconomic or technological developments forced on the area by broader regiond or
nationd influences. such as economic cycles, biologica changes such as population aging, or the
advent of new technologies which are again not area controlled but over time are area affecting.

This conceptud framework is trandated into practice in anumber of ways. Rather than
smultaneoudy determining locations as trip ends in a unified trangport-and-location equilibrium,
an explicit separation of the trangportation and land use subsystems is maintained. The
transportation mode iteratively solves for a user-optima set of flows where car-ownership
rates, trip rates, trip destinations, and mode and route choices are in capacity (congestion)
congrained equilibrium; accomplished by using an extended verson of Evans (1976) dgorithm.
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At the trip digtribution stage this involves calculating Sixteen interrelated spatia interaction
models for work, shopping, services or socia, and educetion trips for four socioeconomic
groups and three travel modes: car, public transport, and walking. First, however, household
car ownership and trip generation rates are computed within an iterative process which makes
such choices nomindly subject to a household budget congtraint on travel and car ownership
cods. Within this framework, mode choice is nested within destination choice and recognizes
car availability aswell as generdized travel costs (recall the discussion in Sect. 2.3 above).

The framework distinguishesin areasonably traditional way between nondiscretionary forms of
travel (work and schoal trips) and discretionary travel, such as shopping and socid trips. It
does this by using doubly-congtrained spatia interaction models for the former and production-
congrained forms (logits) for the latter. However, the work trip mode is solved only once, for
the base year. Subsequent and matrix eement specific adjustments to this home-work trip
matrix then rely on direct inputs from the submodels dedling with change in resdence and
change in job respectively. Thisis done to get around the problem (also noted by Mackett, and
by Wilson) of ingppropriately using doubly congtrained spatid interaction modesin adynamic
context. That is, such amodd may require that workers who have changed neither home nor
workplace over the current time period be assigned to another cdll in the work trip matrix in
order to satisfy arevised set of zonaly aggregated trip generations (workers) and attractions
(jobs). Thisleadsto an overestimation of the effects of changesin trangport costs on the
resulting pattern of urban commuting. By limiting the ability of such interaction moddlsto

reall ocate work trips, the impacts of transportation costs on the subsequent location of these
home and workplace activities becomes less direct, more lagged and more aggregate in its
effects than would be the case if gpatid interaction models were used less discriminately. The
reader isreferred to Wegener (1986) for an eaboration of this matrix-adjustment process.

Within Dortmund transportation cost and related accessibility changes are anyway not the only
determinants of locationa change. They are traded off againgt other non-transportation
variables which appear to be at least asimportant in the evolution of urban form, a point made
frequently in the recent empiricd literature (Giuliano, 1989). The smulation takes placein 2-
year cycles (up to a 30-year planning horizon), alowing a*perception delay” of 1 year, on
average, to take effect. The trangport model is processed at both the beginning and end of each
2-year amulation period. Through the implicit lag structure of this recursive system, changesin
land use variables only become visible to the trangportation mode at the beginning of the next
(2-year) time period. Longer delays are accounted for in some submodels. New housing only
finds its way onto the market three or more smulation periods (6 years) after asmulated
change in the trangportation system has occurred. As a practica meatter, the spatia distribution
of urban activitiesis dlowed to change within the modeling processin two ways. Oneway is
through “aging ,” which in the modd depends only on time and not endogenousy modeled
choices. The mechanics of this aging process involve the use of a probabilistic Markov process,
which is gpplied once each modd iteration within an aging submode. An additiond practica
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facet of the gpproach is the recognition that the opening or closing of large indudtrid plants may
not be predictable by any modeling system, hence their treatment as exogenoudy entered
“historica events.” All other changes depend on accessibility based spatia choices generated
explicitly within the modd. For this purpose the modd uses nested logits and a variant on the
inclusive value method described by Fisk and Boyce (1984) as its basic building blocks.

3. USING INTEGRATED M ODELSIN PoLICY ANALYSIS: AN ASSESSMENT
3.1 Introduction

Recognizing an inevitable lag between latest theory and best practice, if we wereto evduate
currently operational models on the basis of their collective ability to incorporate latest theories
within their frameworks, they would get quite high marks. Taken asa s, the previoudy
reviewed integrated models have advanced in a number of important directions since the 1960s.
They have managed to combine the minimum effort and locationa accessibility premises
inherent in spatid interaction theory with the satistica and information theoretic notions of
entropy and the economicdly rationd notions of utility maximization. Methodologicadly, they
make use of nonlinear mathematica programming methods as well asthe latest developmentsin
econometric and microsmulation modding of the demand for travel, resdences, and
employment. The more comprehensive mode s aso tackle demographic change in the urban
population, and some aso model physicd stocks other than transportation infrastructure,
notably the aging and renewa process associated with the urban housing market. Findly, they
modd these events using an extensve database, resulting in the alocation of traffic volumes and
speeds over detailed link-node representations of multi-modal urban transportation networks.

But this, of course, is not the test in which we are most interested. How well such theories
gand up in practiceisthe truetest. Here we are currently at something of animpasse. In
contrast to the considerable effort made to develop the theoretica aspects of the relationships
between transportation and spatial structure, the practica application of models has been
relaively neglected. This concluson is mirrored, with respect to U.S. practice, in the review by
Cambridge Systematics and Hague Consulting (1991), which found that only a handful of the
top 18 metropolitan areas were using integrated models in their planning processes.  In their
relatively brief history, the land use-trangportation models reviewed in Sect. 2 have been
subjected to agood dedl of criticism (see Batty, 1980, for an early historical review; see dso
the Winter, 1994 edition of the Journal of the American Planning Association for a
retrospective). Past criticisms have tended to revolve around (1) conceptud issues of model
redism and hence usefulness, (2) practica issues of data availability and qudity, aswel as
computationa requirements and ease of use; and, as something of an offshoot from these two
issues, (3) the role such modds are to play in the planning process. While recent computationa
advances have done much to remove concerns over both computer costs and computer run
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times, the other issuesremain. Each is discussed below, highlighting some concerns frequently
voiced in the recent literature.

3.2 Model Validation Issues

As Lee (1994) points out, the role of large scale urban land use-transportation Smulation
models remains a cause for debate. Should they be considered astacticd or as dtrategic
planning tools? If used astactica planning tools, their most common application would
probably be to evauate travel policies dong specific urban corridors, with an eye to an
environmentaly influenced benefit-cost ratio being redized within a suitable time period. Even
30, such an evauation period might cover as long as 15 or 20 years depending on the TCM
being proposad (i.e., up to the expected lifetime of atypica urban highway pavement, if the
addition of new infrastructure isinvolved).

However, adanger with usng models solely to analyze individua travel reduction projectsisthe
potentia for digointed, piecemed planning. Idedly, and centra to the aims of this present
review, we need to find away to embed such project evaluations within more strategicaly
developed, areawide transportation plans. If these plans are to make the sort of contributions
to petroleum savings and CO, reductions which have come from more efficient engine and fud
technologies, areawide impacts will dmost certainly be required. We aso need to think in terms
of longer planning horizons. Watterson (1993) concludes that even a planning horizon of 30
years may not be long enough to capture the true impacts of a plan which contains significant
trangportation infrastructure investments.  He notes that such plans may go on to influence
urban form, and therefore urban trave activity, for many yearsinto the future.

Lee (1994) arguesthat in searching for such a drategic role we may be trying to get too much
detail into our models. Aswe add more detail and functiondity to what are aready rather
ambitious modds, we loose flexibility in their gpplication and increase expensve data
requirements. In contrast, Harris (1994) prefersto view such effortsas an aid to
comprehensveness of understanding, rather than comprehensvenessin forecasting. This
second argument meshes well with Wilson's (1984) perspective on the use of integrated modds
astools for evauating the robustness and resilience, rather than the details, of dternative urban
and regional plans. As Owens (1989, p. 233) putsit; “In the end, perhaps, accurate prediction
matters less than flexible normative planning, based on an intelligent assessment of the most
likely directions of certain trends.”

To carry out such planning, mathematical, computer-based models would seem to be our only
redidtic dternative if we wish to gpply, and properly test the results of applying, aformally
developed logic behind our planning decisions. Without reasonably comprehensive models, we
cannot hope to smulate the often nonintuitive effects of combining awide range of policy
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options within any single plan. Our ahility to determine the generd magnitude and direction of
policy-generated effects seems well worth the effort. This, however, raises the issue of how we
gain confidence in our mode-based results. Such a question moves us on to issues of mode
vaidation.

Vadidation means carrying out checks to establish how well amodd did in forecasting afuture
Stuation by comparing the modd’ s results with observed data. AsWegener (1994, p. 25)
points out, “remarkably few vaidation exercises are reported in the moddling literature.” Trave
data availability congtitutes the mgor congtraint on vaidation exercises to date, especidly data
covering time intervals long enough to capture some of the important changes in urban
infrastructure and land use.

An obvious problem for cross-sectiondly cdibrated modds isthat they are using the many
parameters established in their base year calibrations to predict changes over time. In doing so,
they may be placing an overrdiance on the behaviord implications of spatid variahility in
traveler and land owner responsesto differing conditions. Of greater interest is the tempora
variability in such responses for a suitable range of geographically as well as socioeconomicaly
varying urban environments. To understand and mode such behaviora responses, we need to
make more and better use of time seriesdata. Webster et a. (1988) briefly describe the
results of using seven of the nine modds covered by the internationd study group on land use-
trangportation interaction (ISGLUTI) to project both zona employment and population totals,
using datafor intervas from 3 to 12 yearsinto the future. Thisincludes versons of MEPLAN
used in the studies of Sao Paolo, Brazil, and Bilbao, Spain, which apparently used specidly
developed follow-up survey data for the purpose (Echenique, 1985). All results reported R
vaues > 0.95 when comparing absolute values, using from 30 to 148 zona observetions,
depending on the particular model and its application. The 3-time period, 12-year, incrementa
forecasts produced by the Dortmund mode gave particularly high RZ values. However, R
values took on much wider ranges, from 0.98 to 0.59,when comparing observed versus
modeled rates of change in these same variables.

Smilar R values are reported by Prastacos (1986b), using the POLIS mode to predict
changes in the number of households aswell as employees per zone within two basic and two
nonbasic sectors for the period from 1975 to 1980. Thisinvolved regressions on 107
observations (i.e., land use zones) within the nine county San Francisco Bay Area. Noticegble
improvements in these coefficients occurred when aggregating the results to county totals or
when using such county totals to control the subsequent alocation of employment to zones
within acounty. Some checks were dso made on the resulting interzona private and public trip
matrices produced by POLIS, but with synthetic rather than observed 1980 flows for
comparison. Recent recdibrations of the trip ditribution and modal choice (auto versus trangt)
submodels using 1990 journey-to-work data from the Census Transportation Planning Package
(Caindec and Prastacos, 1995) produced Res for auto trips around 0.80 and for transit around
0.77, with model averaged travel times within 10% of expected results. In genera, however,
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producing smilar comparisons of modeled versus observed non-work trip matricesis
problemétic, with little in the way of consistent historical data for guidance.

Hunt (1994) aso describes an extensive series of mode validation tests carried out as part of
the application of MEPLAN to the city of Naples, Italy. Maps and graphs are used to show
the generally good fit between the modd generated versus observed number of households as
well asthe private resdentia floorspace rents per zone (26 zones). Also examined were

(1) expenditures on trave; (2) floorspace and other purchases by each of five household types;
(3) average trip distances for four trip purposes (work, shopping, school, other); and (5)
selected modeled versus observed average weekday morning peak period traffic cordon
counts. He also describes the consderable time and effort required to cdibrate, or “fit” the
model, including the definition of suitable household classes and the too often experienced
problem of having land use data for one year and transportation systems data for another,
somewhat earlier or later one.

Whether using data sets from two or more periods to forecast or “backcast”, using a cross-
sectiondly cdibrated set of modd parameters, ided requirements for such tests would include
use of the same st of traffic analys's zones as well as the same trip purpose definitions from one
period to the next. In the past this has often meant considerable data reconciliation efforts.
Wegener (1994) suggests that amodd’ s performance should be based on its ability to forecast
the essential system dynamics over apast period at least as long as the forecasting period to
which it isbeing applied. He goes on to note that only Dortmund and MEPLAN, among
currently operationa models, gppear to have followed this philosophy. In both cases these
models are only partialy cdibrated by satistica estimation techniques and partidly by manua
fine-tuning as part of along, interactive process. Often, as Hunt (1994) points out, it’s difficult
to distinguish data problems from errors in amodd’ s formulation or in its underlying
assumptions.

Clearly, greater emphasis on validating the modelsis required, including the establishment of
procedures to track the mgjor data sources necessary to cdibrate them. This congtitutes the
most Sgnificant obstacle to modd vdidation and, by implication, further useful mode
development. More comprehensive models mean more demanding data requirements.

Given current data limitations, how are we to assess the value of such modelsin adrategic
context? Here the ideas expressed by Cowing and McFadden (1984) and restated by Hensher
et d. (1992) are apropos. When an andysis task involves forecasting over along period of
time with substantial deviation from higtorical experience to be expected, they suggest that
assessment of asmulation model is best focused on realismin process. This contrasts with
more direct assessment of amodd’ s predictive capability, involving the above discussed
comparison of modd results againgt a known, and empiricaly observed, redity; avdidation
process they termrealismin performance. At the present time any discussons of current
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model weaknesses and associated research needs are necessarily focused heavily on such
reaism in process. However, more realism in process suggests that we aso use more
behaviordly based (i.e,, more redistic) models. That is, it suggests that we focus more attention
on how travelers behave and, for the purposes of policy impact assessments, how such
behavior changes over time once policies are implemented which act uponit. Thisin turn
suggests that more attention be given to the collection and use of longitudind data sets. In
particular, multiwave traveler pand surveys, collecting information from the same group of
travelers at discrete timeintervals, are discussed below as an important data collection option.
A concerted effort will be required to design, collect, and maintain such temporaly anchored
databases. A fird step isto determine which are the mgjor variables of interest to such
longitudinal analyses and (Since cost of data collection remains the mgor congraint) which deta
we can effectively relegate to less regular data collection activities. To do so, we need to better
understand the causes of current varigbility in travel demand.

3.3 Theoretical Issues. Towards More Realistic Models
3.3.1 Household Travel Mobility Modeling
3.3.1.1 Criticismsof The Traditional Transportation Planning M odel

The traditiona four-step trangportation planning model described in Sect. 2.3 of this review
(Fig. 3) has been the focus of agood ded of criticism for many years. Within the United States,
the need for metropolitan planning organi zations to address the vehicle travel reduction
requirements of the 1990 Clean Air Act Amendments (CAAA) is now leading to a new round
of modd development, known as the Trangportation Model Improvement Program (see Texas
Trangportation Ingtitute, 1993). Much of the criticism within the modding literature argues that
we need to place both household and company-based travel decisions within more behaviordly
redistic decison-making frameworks. Treatment of travel as agood composed of separately
modeled attributes of frequency, mode, destination, and route choices is being challenged.
While energy, economic, and environmenta impact analyses may require that we trandate the
demands for travel into numbers of temporaly and spatialy explicit vehicular trip volumes, the
current methods we use for getting there are proving increasingly redtrictive. Frequently voiced
criticisms of the traditional Urban Transportation Planning (UTPS) process are described on
the following pages. Cumulatively, these wesknesses act to obscure the relationship between
cause (including policy-induced cause) and effect.

The Relationship Between Trip Frequencies and Travel Costs

An appropriate feedback mechanism between the trip generation modd and the rest of the four-
step urban transportation modeling procedure continues to eude modelers. The dashed arrow
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in Fig. 3 shows the desired (hypothesized) linkage. While travel speeds and costs are often
interactively solved for within the destination, mode, and route choice steps, traffic generation
remains indastic with respect to such travel cost changes. To date, no sound and generaly
reproducible basis has been found for such alinkage. Smilarly, empirica efforts a direct
incorporation of the effects of cost-determined locational and moda accessbility within exigting
trip generation models have met with dmost universdly poor results (see Kitamura, 1994, for a
recent discusson).

It may be the case that where trip frequencies are concerned, even among the more
discretionary forms of travel, trangportation costs or traditional forms of cost-based accessibility
are in many cases not the only, or even the most important, determinants of daily or weekly
trave activity schedules. However, one difficulty associated with obtaining ardatively smple
functiond relationship between trip frequency and trip length or cost may be the nature of past
survey data. Cross-sectiond, single day trip sampling may not contain the information required
to fathom a behaviordly sengble and Satigtically congstent rdaionship. Implicit in nearly dl
past efforts to smulate urban travel activity patternsis the trestment of transportation asa
separable good to be purchased independently of other household needs. However, once we
place our analysis within alonger-term perspective, other nontravel cost factors become
important. That is, housing, food, health, education, and other costs may compete with travel
cods for the household budget in ways which may affect trip frequencies every bit as much as
urban accessibility surfaces do.

An argument for the use of integrated land use-trangportation models is that they currently offer
the only means of getting the costs of travel back into the trip generation process; dbeit viaa
rather complex series of modding processes. However, while aresdentia allocation submodel
isused to link housing rentsto travel costs within a number of the models reviewed in Sect. 2,
these models don’t go any deeper into the trade-offs between travel and other goods which
take place within budget-constrained households. For Strategic planning purposesit may be
sufficient to mode travel versus housing costs in this manner, as long as a household' s share of
its income spent on travel and activities remains reasonably congtant (see below). However,
many short term decisions by household members may reflect awide range of responses to
daly or weekly time as wdll as monetary travel budgeting. The cumulative variability in such
responses may be an important reason why no smple empirica relationships between dally trip
frequencies and travel bilities or costs appear to repeat themsalves across different
Sudies.

Trip Chaining and Destination Choice
Making the relationship between trip frequency and travel cost more difficult to assess, many

trip degtinations in urban areas occur within multipurpose, multistop daily travel chains such as
the home to work to shop to home type of travel circuit (see, for example, the travel data
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described by Hummon and Burns, 1981; Kitamura and Kermanshah, 1983; O’'Kédly and
Miller, 1984). By ignoring such trip chaining activity, the traditiond transportation planning
model fallsto capture the time and cost savings offered by multistop travel activity patterns.
Thisin turn means that integrated models of land use and trangportation which use traditiond,
sngle degtination spatia interaction models dso fail to provide support for the analyss of land
use policies which might take advantage of such mileage saving options.

The destination choice set problem, a frequently revisited technica problem within the travel
demand literature, further exacerbates the problem of destination choice. Spatia interaction
models, whether cdlibrated at the zond leve or fitted to a sample of individua traveler
responses, require a prespecified set of dternative destinations to choose from. Removal of a
possible destination from the available choice set within alogit mode changes the absolute
probabilities of sdecting each of the remaining options. The behaviord dilemma results from not
knowing whet the choice set redly isor how it differs acrossindividua travelers a different
originating locations and by different trip purposes. While anumber of gpproachesto the
problem have been tried (Stopher and Meyburg, 1976; Richardson, 1982; Recker et dl.,
1986), the usud approach isto dlow dl traffic zonesin the system or al zones chosen by
survey respondents (where such datais available) to be in the choice set. This approach
recognizes that more distant and less attractive locations will receive few or no trips and,
hopefully therefore, will affect the results only marginaly and well within the bounds of modding
error. Sgnificantly, the way in which multidestination trip chaining opportunities affect such
choice sets has not been thoroughly researched to date (but see Recker et d., 1983 for some
interesting work on smulaing feasble, including multistop, activity programs for specific
household members).

Discretionary and Off-Peak Travel Activity Modeling

Both time of day and time within the week need to be recognized and modeled as important
travel options. Nonwork, and frequently non-peak, trips are now responsible for 78% of
annud trip starts and 73% of tota vehicle milestraveled (VMT) in the United States (Hu and
Young, 1994). Also, since many dally trip chains combine peak period commutes with more
“discretionary” forms of off-peek trave (e.g., shopping, socid and recrestion, and persona
business trips), this needs to be recognized in some fashion if we wish to understand the effects
of such trangportation control measures as staggered work hours and compressed work weeks,
or the potential for mixed use urban activity centers to encourage midday walk, paratransit, or
public trangt use for persond business and shopping.

3.3.1.2 Implicationsfor Modeling Travel Reduction Strategies
Collectively, the above weaknesses render policy analysis for specific highway impact projects

rather suspect. For example, the potentia for a particular highway capacity expansion project
to lead initidly to less congested, less polluting travel may in redity erode over time asthe
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greater ease of travel over this highway induces some travelers to change their daily or weekly
movement patterns, resulting in arevised form of multidestination trip chaining activity and shifts
in the tempord distribution of traffic. Among other effects, such tempord adjustments may
affect exiging vehicle availability within multidriver households. For example, the introduction of
an high-occupancy vehicle (HOV) lane as part of a highway capacity expanson may induce
ride-sharing, which in turn leads to a rearrangement of vehicle utilization within the household.
Vehiclesleft at home by the ride sharing commuter may then be used by a spouse or other
family member. In tota, some of the new weekly household trave activity patterns which form
may, on baance, involve more VMT, consume more fuel, and put more pollutants into the
atmosphere than before.

It's aso not obvious how to introduce the effects of emerging telecommuni cations options, such
astelework or teleshopping, into such arigid trip-oriented gpproach. Are such options
considered trip generation or travel mode options, and more importantly, how does the
adoption of frequent telecommuting affect the travel activity patterns of other household
members? The recent reportsby DOT (1993) and DOE (Greene et d., 1994) discuss this
topic in some depth, and recognize our currently limited understanding of what to expect.
Indeed, the whole area of in-vehicle as wdl asin-home red-time information systems and their
effects on travel patterns raises questions not well suited to a single destination, separable trip
purpose approach.

Single degtination trip based models dso run into problemsin evauating such low energy, and
potentialy low emissons options as dectric or hybrid fuded vehicles. Should petroleum prices
rise sharply in the future, it would help to know what percentage of household travel could be
supported by asngle daily vehicle charge, given a particular land use arrangement within which
trip chaining is an option.

3.3.1.3 Some Recent Developmentsin Travel Demand M odeling

If we are to make current models more behaviora, or replace them with new models, the
following areas warrant further study and possible unification:

Analysis of Multi-Day Household Travel Activity Schedules

Anincreasangly popular approach to travel demand modeling isto look for waysto link travel
decisons more closdy to such lifestyle factors as intrafamily obligations, leading to jointly
organized trips. Such consderations place us firmly within what is termed the “travel activity
anadysis’ literature (see Carpenter and Jones, 1983, and Kitamura, 1988, for extensive literature
coverage). Thisempiricd and modeling literature suggests that shiftsin travel behavior may only
be properly understood within the wider context of how people organize their lives over a series
of planning horizons and, notably, over multiday rather than single day periods (see, for
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example, Hirsh, Prashkea and Ben-Akiva, 1986; Kitamura and Van Der Hoorn 1987; Pes,
1988).

An important agpect of such an approach isthe study of how households make use of their
various automobiles (and, increasingly in the United States, of their light trucks and minivans) to
carry out their activity schedules. Hensher et d. (1992) provide areview of padt literature on
this topic, as a prelude to describing an econometric modeling approach and supporting
empirica study of the various dimensions of household-based automobile demand. Inthe
United States, this recent literature on vehicle utilization includes the nested logit moddling of
vehicle class, vintage, and fleet Sze by Train (1986) and the ordered probit modeling of
household vehicle ownership decisions by Golob (1990). It also includes the analysis of
gasoline price effects on vehicle use in multivehicle households by Greene and Hu (1984) and
the satistical modding of multiday vehicle utilization levels by Greene (1985). Greene (1985, p.
350-351) pointed out that “in particular, while sngle-day surveys of alarge sample of
households have been extensively studied and modeled, thereis alack of information and
andysis of how usage of a particular vehicle varies from day to day over along period of time.”

With alimited but growing collection of multiday travel surveysfor the past decade, notably in
the form of pand surveys (see below), this Stuation is beginning to change. Much greater use of
longitudina data on travel activity paiterns, including vehicle utilization petterns, is needed if we
are to understand how palicies intended to discourage low occupancy vehicle travel actualy
affect behavior. Currently, as Bhat and Koppleman (1993) point out, even conceptudizing the
activity scheduling framework within which travel and other weekly activity decisions are made
congtitutes a new and challenging task.

Microsmulation appears to be a naturd candidate for making operationa such ideas asthe
amulation of multiday household trave activity paiterns, and efforts such asthe STARCHILD
model (Recker et d., 1986) and TRANSIMS (Morrison and Loose, 1994; Shunk, 1994) fal
into this category. Such efforts have a growing, if rather varied theoretical and empirica
literature on the modeling of multistop travel chains to begin from, as evidenced by the review of
trip chaining research by Thill and Thomas (1987). This literature includes the empirica work
on vehicle use by Hummon and Burns (1981); the empirica and theoretica work with logit-
based models of destination choice by Kitamura (1984); the suggestions for using nested logits
to identify and capture the empirica linkages between primary versus secondary destinations
within such trip chains by Wilson et d., (1981); the use of microamulation linked to logit
demand functions to investigate the effects of chaining on locationa bilities (Southworth,
1985h); the extensive empirical and theoretical work on multistop, multipurpose shopping trips
by, among others, Narula, Harwitz and Lentnek (1983) and O’ Kelly and Miller (1984); and the
use of Markov model s to assess the effects of trip chaining on the location specific demands for
retall facilities (O'Kely, 1983). However, these and similar ideas have yet to find their way into
actud use within the integrated urban modeling systems described in Sect. 2 of this review.
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Multi-Wave Panel Analysis of Household Travel Behavior

A new development in recent years has been the emergence of travel pand andysis. By
surveying the same group of travelers or households at two or more intervasin time, with
successive surveys separated by afew months or years, we are now beginning to acquire data
on how travelers actualy responded to a specific event. Hensher and Raimond (1992) provide
asummary of the mgjor transportation panels sudiesto date. These include panels used to
analyze household vehicle ownership and utilization decisons, and the effects of staggered work
hours, an HOV lane, and telecommuting on household travel behavior. Greater use of such
pands should dlow usto get away from the aways suspect use of disaggregate travel demand
models whose cdibrations are based on limited size, single cross-sectiona samples of urban
residents.

However, travel pand andyssisdill initsearly stages. Thefirg text devoted exclusively to the
topic was compiled only recently (Golob, Kitamura, and Long, 1994). The recent theoretica
work of Jang et a. (1992) and the related methodological and empirica work by Hensher and
Raimond (1992) are particularly interesting. By tresting the speed at which potentid travelers
change their travel behavior as a process of adaptation, Hensher and Raimond embed a
stochadtic process within their differentia equations modd. In thisway they can affect the timing
(including ingtantaneous adoption) at which such changes occur from one state to another (in
their case achangein route from afree to anew toll road). Here the considerable literature on
hazard response and survival models becomes very useful and islikely to be visited more often
in future travel-related research.

These last authors also describe the problems involved in trandating data from a series of
discrete time pands into a continuous time stochastic modd of the real world process.
Currently, we are a arddtively early stage in the design and use of such models and aso in our
design of the pand data sets which can best support them. 1n one of the best-documented
research efforts to date, Hensher et a. (1992) collected four waves of pandl data, spanning a
70-month period, from households in metropolitan Sydney, Austrdia. They use this datato
develop an automobile market share and energy demand forecasting system based on a
combined discrete-continuous econometric modd of household automobile choice. Nested
logits are used to modd the discrete choices of household fleet size (i.e,, ownership of 0, 1, 2,
or 3+ cars), vehicle type/vintage, and vehicle body mixes. These are linked to a series of
continuous vehicle utilization models. Lagged operators and other devices are used to render
these models dynamic in the sense of capturing what the authors refer to as “ experience effects’
and “expectation effects’ within the multidimensiona choice process. The gpproach shows
what can be done today to improve the behaviora basis of vehicular travel demand modeing
given a suitable longitudina database. The authors used their modeling system to generate a
range of automobile demand and fuel use scenarios at 5- to 7-year intervas for up to a 20-year

74 Land Use Compendium



A Technica Review of Urban Land Use—Transportation Models as Tools for Evaluating Vehicle Travel
Reduction Strategies

period (1985-2005). Policy variables analyzed were vehicle and fue prices, advancesin
vehicle fud saving technology, and socioeconomic changes which affect household demands.

Use of Household Budgets to Bound Travel Activity Estimates

A number of researchers have hypothesized that the amount of travel we undertake is highly
constrained on theindividua level. Proponents of this gpproach argue that the total amount of
travel people engagein is strongly constrained by either time or money budgets. Such budgets,
the latter strongly related to available income, are claimed to ether remain quite stable over time
for any given city and population subgroup, or to change in clearly recognizable directions as a
function of afew independent variables. Such congraints dlow the amount of travel thet a
person or household engages in to be determined by gppedling to asmple utility maximizing
modd, subject to budget congtraints. For example, the longer-term decisions faced by the
household as to how much totd travel to engagein (that is, number of trip generations” trip
distances) is modded in utility terms (U) by Golob, Beckmann, and Zahavi (1981), as.

MaximizeU = aIn( & ,, xm )* be.IN(Y-M" )+b,.In(T-T")

where X refers to the amount of travel, measured astravel distance; m refers here to one of m
=1,2,...M travel mode options; Y is household income; T is the time available to the household
members for the completion of their activities, such as an “averaged” travel day; M" and T are
equal to the optimal fixed travel time and money budgets of the household, given by M™ = Sk
Cn-Xm @d T = Sy Xm/Vin ; € and Vv refer respectively to mode specific average costs and
velocities (speeds); and a, by and b, are the modd parameters associated, respectively, with
moda share weights, income, and time budget congtraints.

Theideahereistha by maximizing over the expenditures on time and money themsdves, the
longer term relationship between the travel and nontravel budgets (leisure time, consumption of
other goods) of the household can be explored. If stable relationships between such budgets
can be shown over a number of years, then we would have avery useful gpproach for placing
reasonably tight bounds on the total amount of travel consumed. Zahavi and colleagues used
such an approach to develop the Unified Mechanism of Travel (UMOT) to investigate
empiricaly such hypothesized relationships (Zahavi, Beckmann and Golob, 1981; Zahavi,
1982). While conceptudized at the level of theindividua household, the supporting empirica
modeling is carried out on an aggregate, urban areawide scae.

However, the empirical evidence to date has been less than conclusive, and no operationd
models based on household travel budgets have been generally adopted (although as noted in
Sect. 2.5, the Dortmund model does incorporate atravel budget constraining procedure within
its trangportation modeling process). Household dratification dong at least car ownership and
income lines would appear to be required if reliable forecasts of future budgets are to be made.
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Also, to be drictly applicable, nonmotorized modes of travel (walking, cycling) need to be
included in the andysis. 1t may dso be argued that people actualy seek to maximize their
accesshility to opportunities, rather than seeking to maximize their (budget constrained) distance
traveled. Since maximizing accessibility to a set of spatialy diverse opportunities need not
involve minimizing distance or cost of trave, the latter isredly a gpecid case of the former.
Various other pros and cons of atravel budget based approach are reviewed by Gunn (1981),
Wigan and Morris (1981) and othersin the same volume of Transportation Research.

In the most generd terms, the notion of dealing with travel distance (VMT) astheresult of a
budgetary process appears to have considerable behaviora merit. Further empirica sudy is
needed to determine if atravel budget-based approach can be developed directly into an
effective forecagting mechanism. Rather, it may offer a check on the economic redism implied
by otherwise unconstrained modeling gpproaches. To be most useful such investigations should,
however, be time-series as well as cross-sectiond in nature,

3.3.2 Urban Goods Movement Modeling

A second area of deficiency in current practice is the underdevel oped trestment of urban freight
modeling. Attention to the behavioral aspects of urban goods movement (i.e. to the logic behind
shipper and carrier operations) has seen little application at the fully urban scae (UMTA,

1982). If the behaviord waters of persond travel demand analysis are murky, then those
associated with freight generating business practices appear downright obscure. Limited effort
to date has gone into determining the relationships between company logistics and management
practices and their effects on ether the daily scheduling and use of multivehicle flegts or on the
longer term decisions of where to (re)locate factories and offices with respect to customers and
exiding freight terminds (including some quite large bresk-bulk terminals).

Urban trucking research has, as we might expect, dominated what literature there isin urban
goods movements. The most comprehensive attempt to come to terms with this areato date
was carried out by Transport Canada (1979), which produced a multivolume report on various
agpects of urban freight movement. Thiswork includes cdibration (to Vancouver data) of an
urban truck trangport mode which links traditiona forms of trip generation, distribution, and
shortest path-based traffic assignment models to a truck load consolidation model which
“conggns’ freight to trucks of different Szes. Such consignments are based on effective vehicle
welght capacity, the maximum daily hours of operation (industry regulated), and the expected
dwdl timesat pick up and ddivery stes. To alocate this consigned traffic between inner and
outer city traffic zones, an optimization based modd was used to determine whether to route
thistraffic directly or viaafreight consolidation termind. At the Srategic, urban areawide leve,
Southworth, Lee, and Zavattero (1986) dso examined the efficienciesinvolved in the use of
dternative primary truck route designations and the clustering of freight terminas within the
Chicago metropolitan area. Their approach and its empirical application embeds circuit based
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measures of locationd accessibility within spatia interaction models. They aso propose a
method for using the resulting flows within amixed person-freight traffic assgnment modd which
in turn could be used to compute fuel use and emissions. Recently, Oppenheim (1993) has
proposed an interesting and improved urban-areawide formulation of a combined persona and
freight equilibrium traffic assgnment model. Among other useful studies, the recent work on
freight logigtics by Daganzo (1991) and Hall (1993) consider the design of locd areafreight
networks. However, such efforts again reflect a series of largely independent studies, focused
on very specific aspects of urban freight travel. A suitably rewarding conceptud framework for
urban goods movement analysis remains to be defined.

Aswith persond travel, much intraurban trucking is dso known to involve highly circuitous,
multistop daily routing activity (Southworth, 19824). Circuit-based transportation costs have
been used within logit modeds of destination choice amilar in form to those used in passenger
travel modeling (Southworth, 1982b, using data from the Chicago region). Aninteresting
possibility, discussed by Wigan and Morris (1981), is the gpplication of atravel budget
gpproach to freight movements. This notion has gpped, Snce it isthe activities at pick-up or
delivery sitesthat often dominate the urban trucker’ s daily time budget, and since we might
expect very smilar alocations of travel time to such goods movement services across cities of
amilar Sze, given the highly competitive neture of the indudtry.

Our mgor hope for projecting aggregete levels of freight-creating industrid activity liesin the
belief that businesses follow recognizable profit-maximizing or cost-minimizing development
paths. Aswith the above developments in household travel, freight movement models based on
the individua firm have moved into, among other directions, logistic demand based (Sheffi,
Eskandari, and Koutsopoulos, 1988) as well as congtraint based, multi-criteria mathematical
programming forms (McGinnis, 1989). These models again place trangport costs (including
freight rates) as one among a number of important decision variables in activity pattern (notably,
truck route, and schedule) generation. McGinnis (1989), for example, found that carrier
reliability, trangt time, and shipment loss and damage experience could be more important to
shippers than freight rates when selecting a particular carrier.

Finaly, in addition to the above issues, we now aso need to address the impacts of just-in-time
inventory/delivery systems, eectronic message transfers, and the increasing interfirm as well as

intrafirm coordination of logigtics gpparently taking place within today’ s information society. A

magor shift away from expensive warehousing costs to just-in-time parts and product ddliveries
clearly has the potentid to increase vehicle miles traveled within a number of indudtries.

3.3.3 Modding Transportation’s Continued Rolein Urban Development

3.3.3.1 Trangportation Infrastructure Investment I mpacts
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Looking at longer-term responses in the form of Site (re)locations, nontransportation factors
again loom larger than traditiond indugtria location theory suggests. Both intraurban persond
and freight travel patterns are affected by the location of such companies; the former through the
necessary daily journeysto and from work and, less directly but with increasing significance,
through the effects such demands place on the rest of a household' s typical weekly activity
patterns. Asreviewed by Giuliano (1989), much of the recently available empirica evidence
supports the view that transportation is at best only one of many determinantsin both a
household' s or acompany’ s location decisons, sometimes acting as a congtraint on subsequent
economic and related land devel opment without done being a sufficiently motivating reason to
cause a change in current location. Giuliano argues that most large U.S. cities now have such
dense trangportation networks that the perhaps once more obvious relationship between new
highway infrastructure and land development is much less sraight-forward, at least within the
boundaries of urbanized aress.

In an assessment of the influence of road investment on economic development, Forkenbrock et
a. (1990) reviewed a number of studies that reached the following conclusions (lso listed by
Parker, 1991):

» Transportation investment may be a necessary but not a sufficient factor for
economic devel opment.

» Theimpact of highway invesments today, with a mature highway system, may not
be the same asin earlier periods.

» Rdationships between highways and locd development one mainly by associaion
— thereislittle confidence that highways led to growth, rather than vice versa

»  The economic development process is too complex and the role of transportation is
not likely to be sufficiently dominant to alow causa relationships to be established.

»  Education, unionization, physical amenities, business climate, energy, and tax rates
define aregion’s developmental prospects to amuch greater extent than do
highways.

In an often quoted nationd study of beltway (circumferentid highway) impacts, Payne-Maxxie
Consultants (1980) found no consstent relationship between the presence of such beltways and
land use. Rather, land use impacts were dependent on (1) overdl loca economic conditions,
(2) access to medium income or high income residentid aress,

(3) avalability of developable land, and (4) favorable loca zoning ordinances.

However, the empirical evidence suggests care in reaching to too genera a set of conclusions.
For Texas citieswith over 4000 population, Buffington, et d. (1992) found significant
correlaions between 67 bypass, loop and radid highway improvements and the growth in
employment and wage rates for the period from 1954 to 1988. They aso cite a number of
other studies reporting positive relationships between highway invesment and employment
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growth. Thelr results may reflect the smal size of many of the areas defined as urban, plusa
garting point in 1954, when our urban and transportation systems were far less devel oped.
However, even though much of the nation’s basic urban highway infrastructure may now bein
place, if we are going to use our models to project asmilar distance into the future, then we
should at least recognize the possbility of smilarly large (if in practice very different types of)
changes in trangportation’ s future relation to economic development. How we make use of our
built sructuresis changing, if gradudly, with each important new laborsaving technology to
come aong.

Of the above nontransportation factors of significance, the presence of suitably trained labor
pools has become an important concern for companies looking to locate, or relocate a factory
or office. A recent survey of 504 manufacturersin North Carolina (Hartgen et d., 1991)
provides an informative empirical study. Trangportation related access bility messures (State-to-
gtate highway access, access to input materias, and local access by road) were generdly
ranked below |abor factors (notably worker attitudes, availability, and trainability), while other
important factors included qudlity of life (public schools, quality of areafor raising children), Site
and utility costs (electricity costs and supply), and locdl tax rates. A question facing model
developers, therefore, is how to better incorporate or recognize such nontransportation,
nonaccess bility based factors within future urban models.

3.3.3.2 Spatial Agglomeration of Activities
Factorsin New Urban Center Formation

As Berechman and Small (1988) point out, many of our newly emerging urban places are
different in structure from the classcd city containing aradia highway network focused on a
centraly located CBD. Asacompanion, and apparently necessary, corollary to the
automobile-induced urban sprawl, the location of suburban centers, their rates of growth, and
their mix of traffic generating land uses now represent a centra concern for urban land use
planning (Orski, 1985; JHK Associates, 1989; Garreau, 1991; Southworth and Jones, 1995).
Traffic congestion within and between industrid aswell as commercia and mixed use suburban
activity centersis now aso a problem. The very benefits of location and agglomeration of
activities offered by acity’s CBD, and which led to its subsequent traffic congestion problems,
are now causing the more periphera urban subcenters to experience their own version of traffic
related negative externdities, encouraging us to ponder what the solution to such agglomeration
diseconomies might be and where this processis leading us (Cervero, 1989).

Such “polycentric” urban development appears to be occurring at a number of scaesand is

having effects on travel speeds, trip distances, and tota travel mileage. What are today seen as
an expanding metropolitan ared s suburban centers may tomorrow become small satdllite cities
intheir ownright. It is possible also that the functiond ties between these satellite cities and the
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long established CBDs will be fewer and different than they have been in past decades. What is
currently lacking in our operational modelsis any in-depth analysis of how such subcenters
originate, develop, and perhaps eventudly become smaller citiesin their own right.

Despite the now quite long and active higtory of urban economic analys's, current operationa
models shed little light on this process, usng smple incrementaism or random event generation
coupled with spatid accessibility measures to produce dternative devel opment scenarios.
Traffic congestion would here seem to be an important indicator of when, if not where, a new
industria park or mixed use urban activity center islikely to be needed. Just where they spring
up, or which exigting centers will continue to compete successfully, is currently much less
obvious.

More effort appears warranted here in at least two directions. First, more work needsto go
into understanding the locationd influences on basic sector indudtries, indluding both heavy and
light manufacturing industries. Second, a more in-depth understanding of both intraindustry and
interindustry dynamicsis required. To move this process forward properly requires that we
recognize the influence of locationally induced economies of scale on the Site sdlections of such
“basic” indugtries. The POLIS mode discussed previoudy has made one sart in this area.
Morein-depth andyssis necessary.

Such economies of scale arise from placing relevant resources in close gpatia proximity to each
other, thereby improving the productivity of participating firms. Henderson (1988) digtinguishes
between scale economies interna to each indusiry and urbanization economies resulting from the
generd increases in economic activity which occur as aresult of locating within alarge city.

Both are industria production economies of the types discussed by Mills (1967), who suggests
that citiesform in an economy because of scale economies resulting from

1. communications among firms, which enhance the speed of adoption of new
technologica innovations and/or reactions to changing market conditions;

2. labor market economies for both workers and firms searching, respectively, for
gpecific jobs and specific skill combinations,

3. greater opportunities for specidization in firm (and worker) activities, and

4. scale economiesin the provison of intermediate common inputs (docking facilities,
warehousing, power, €tc.).

As Henderson points out, scale economies which result from the interactions between different
but rdlated indudtries are particularly difficult to identify, because spatiad agglomeration may
occur without their presence. Trangportation cost savings have been cited in the past asthe
magor reason for such spatia clugtering.
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More generdly, locations sharing a number of traits desired in common by avariety of firms
may lead to the formation of a mixed use suburban center. Such tendencies are evident in the
commercid and retall aswell asthe industria employment sectors. Within the retailing sector,
what Berechman and Small (1988) term “shopping” agglomeration economies are clearly
important. The development of multistore shopping malls recognizes the attraction to consumers
of one-stop locations. These tendencies have been extensively modeled over recent years,
notably by Wilson and colleagues (see, for example, Harris and Wilson, 1978; Wilson et d.,
1981) whose experiments in gpplying quite rudimentary dynamicsto spatid interaction models
quickly throw up complex tempord shiftsin the locational advantage of retail stores. The wider
gpplicability of such ideas on dynamics to the commercid/office building sector (see Pivo, 1990,
for example) or, with adaptations, to the manufacturing sector also needs to be looked into (see
Wilson, 1987, for some ideas on this).

In addressing this question of how activity centers originate and subsequently grow, we aso
need to alow for the long recognized transition of our economy from manufacturing towards
both service-based and, increasingly, information-based indudtries. In tomorrow’ s citiesthe
never entirely satisfactory distinction between basic and nonbasic sectorsis likely to become
less useful. With many locationaly footloose industries emerging, just what condtitutes the
benefits of a particular locationa choice may be quite different from what it was just twenty
years ago. A search for better theories suggests a search of the wider literature on the nature of
both intraindustry and interindustry contacts, their types, frequencies, and impacts on firms
locations. For example, the emergence of network forms of organization both within and
between firmsis discussed by Cooke and Morgan (1993), who consider it to be a Significance
development in terms of not only corporate strategy but aso in terms of regiona development
potentid.

Our urban system modd-based explorations into these and industrid linkages have been largely
theoreticd to date, and our efforts to make urban center formation endogenous to the modeling
process are till highly theoretical in nature (see Berechman and Small, 1988). Clapp (1984),
for example, adapted the new urban economics bid-rent mode to include the effects of business
contacts by a single agent, such as the corporate headquarters of a single company, on therise
of suburban centers. However, much more work is needed in this area, with potentialy
ggnificant payoffsin terms of modd redism.

Factors Affecting Travel Within and Between Urban Centers

Thereisadso aneed for amore normétive gpproach to the problem, which might lead eventudly
to more prescriptive modding efforts. As Dyett (1991) points out, neither current urban
economic nor locationa accessbility based theories provide much insight into how to best
configure land uses a the neighborhood and community scale. However, such designs may
prove to be an important source of persona travel reduction. He suggests more work be done
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to establish whether suburban mixed use centers can be designed to take advantage of cost
effective urban designs (or in older suburbs, redesigns) which support walk, cycle, park-and-
ride, trangt and paratrangt options. The location of public buildings (police, fire, city hdl) as
well as urban parks and other open spaces would also be important componentsin such
desgns. We must dso pay more direct attention to the role played by land developers within
this process. They can become key playersin the creation of effective private-public
partnerships. For example, they have been active in the adoption of arange of trip reduction
ordinances (TROs) through their participation on loca Transportation Management
Asociations in gtates such as Cdifornia (Ferguson, 1990). They have aso been identified as
important players in the development of employer-based rideshare-supporting schemes
(Southworth, 19858). However, our current land use modds contain little if anything to reflect
the actual role and motivations behind these developer activities (see Levy, 1990, for an
interesting discussion).

Some useful research on practical design specifications for mixed use urban centers was
recently sponsored by DOT (Snohomish County Transportation Authority, 1989; Middlesex
Somerset Mercer Regiona Council, 1993) and by the 1000 Friends of Oregon (Cambridge
Systematics et d., 1992a). Each of these U.S. studies key their discussions to a specific type of
land use arrangement known as transit-oriented development (TOD), which is proposed as an
integral part of aneighborhood or urban center’ s planned growth strategy.

Once urban centers have formed, movements between them will naturally become increasingly
important. In doing urban center planning then, the type, location, and aredl extent of the
suburbs surrounding these commercid or mixed use centers, from which they draw their
workers and customers, should be explicitly recognized and accounted for. According to the
1990 National Persona Transportation Survey (Hu and Y oung, 1994), while average persond
trip lengths (one way, averaged over al purposes) increased from 8.7 to 9.5 miles between
1983 and 1990, increasesin travel speeds kept average trip travel timesrelatively stable. A
possible explanation for such increased speeds is the growth in intersuburb, as oppose to
suburb-to-CBD, trips. Such intersuburban travel patterns are now an important component of
urban development and should be further investigated.

A recent empirical study of the travel patterns of Chicago residents by Prevedouros and
Schofer (1990, 1991) contains some interesting findings. Using aggregate census data to
classify suburbs into growing versus stable suburbs, they surveyed 1420 respondents to
compare two low-dendty, growing outer-ring suburbs with two suburbs sdlected for their higher
dengity, stability, and inner-ring location. Among their findings (Prevedouros and Schofer,
1991): for both types of suburb, average speeds for automobile work trips were satisticaly
amilar for al but tripsto the CBD. However, average trip distances were noticeably higher on
average for those from the growing suburbs, resulting in residents from these suburbs staying in
traffic some 25% longer than their counterparts from the stable areas. Among their other
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findings of interest were the high dependence of suburban femaes on the automobile, the
subgtantia amount of off-peak travel being engaged in, and the possible, if not entirdly clear,
effects of an aging population on trip rates in the coming decade.

What the above suggestsis that an integration of detailed, possibly design-oriented, models of
suburban mixed use center formation with a more spatidly extensive, and highly structured
socioeconomic analysis of intersuburban linkages offers a useful gpproach to consider for further
theoretical and empirical development.

3.3.4 Simulation of Urban Dynamics

Asdiscussed in Sect. 2.5, the amulation of increasingly comprehensive urban dynamicsis
dready quite evolved, and for multiyear forecasting the use of static-recursive gpproaches may
be sufficient for mogt strategic policy making. However, further sudy of system dynamicsis
both warranted and arguably necessary for the following reasons. First, a number of studies
indicate that failure to consider such dynamics explicitly may cause usto misinterpret the actua
processes of urban change. Second, intriguing possibilities for more direct representations of
detailed traveler behavior now exigt than at any timein the past. By making use of

micros mulation methods in conjunction with massively pardle or vectorized computers its now
possible to generate tens of thousands of daily activity patterns in a surprisingly short turnaround
(“wall dock”) time. To take advantage of this opportunity the travel activity andysts needsto
develop explicitly dynamic equation sets when trying to represent the behaviora responses of
travelers.

Over the past two decades a number of research efforts have addressed the issue of introducing
dynamics more explicitly into our urban systlems models. These include a number of efforts
focused on the evolution of dl or parts of complete urban systems, notably (1) the work by the
Leeds group in the United Kingdom based on catastrophe theory (Wilson, 1981), (2) the work
by the Brussds Group in Belgium based on uses of self-organizing system'’ s theory and micro-
smulation (Allen, Engelen and Sanglier, 1986), and (3) a number of efforts, including research in
France (Fournier, 1986) and Italy (Bertugliaet a., 1981), to adapt the urban dynamics
approach proposed by Forrester (1969) to real world cities.

Wilson (see, eg.,Wilson, 1987) offers the following approach to tracking the change over time
inthe sze of afacility a location j, W;, asafunction of profit accrued &t that location. Let R =

the revenue atracted to that location, then profit at j isgiven as.
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where k; = the unit cost of floorspace in location j for the given facility type. Assuming adesire
to maximize such profits among facility suppliers (e.g. developers) a suitable hypothesis for

dw; /dt=_(R;-k;W;)
change in facility Szeistaken to be

for some congtant e. Spatia equilibrium is then assumed to be reached in a given time period t,
when the vaue of Eq. (50) equals zero. A more generd functiona form is proposed for
goplications, asisthe converson from a differentid to difference equation form for

W1 -Wi= _( Riji - Kjt Wi )WTI

computational purposes, i.e.

W jw1= (1+ _R )th'_kjW?

which for an exponent n=1 produces logistic growth. Rearrangement then gives:

Experiments with these sorts of equations for retail activity location systems (Harris and Wilson,
1978; Beaumont, Clarke and Wilson, 1981) show the potential for sgnificant oscillationsin
facility Szes, including possible jumps back to zero floorgpace in some W; vaues when the vaue
of (1+eR) in Eq. (52) is greater than 2.

One condusion from such findings is the need for caution in oversmplifying the assumptions
involved in detalled travel pattern and associated land use forecasts. A more postive view of
the picture is that such discoverieswill dlow us to experiment with the robustness of dternative
urban land use and trangportation infrastructure plans if we can find away to bring them
effectively into our operational models. Wilson (1987) describes abeginning in this process by
formulating a dynamica verson of the Lowry mode based on the aboveidess. These
developments aso help to tie the above described spatid interaction approach more closely to
economic concerns. For example, consder the mathematica programming verson of the

a

MaximizeZ ( S; W, )= &; S ( b

InW ;- )-( a;S; In'S;)
shopping model discussed in section 2.4.2 above, and repested here for convenience:
subject to:

and
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where S; = the flow of shopping revenues from shoppersin zonei visting shopsin zonej, W, =
the size of shopping facilitiesin zone| in units of floorspace, and the two terms in the objective
function measure consumer surplus and the spatia dispersion of destination choice (Spatia

& 5= R=W; k;
entropy). Now if we let:

Where the unit floorspace costs k; = a'?, and where ? is the lagrangian multiplier associated
with the total floorspace supply congtraint (55) above, we have placed a supplier’ s floorspace
requirement as a condition of the optimization. The resulting equilibrium pettern of W;'sis
therefore based on a supplier profit motive as well as on consumer benefits maximization.

To be of practica use such developments will need to incorporate the effects of a variety of
other factors, notably the effects of spatialy varying prices. A search for ways to bring such
ideas of market driven, profit-induced change into modeling, via the use of modern day highly
computer intensive microsmulation techniques gppears worth pursuing. Of particular interest
are methods which can use difference equations to Smulate the dynamics involved in mixed use
urban activity center formation and decline. For example, can we use explicitly dynamic
equations to micros mulate the aternative tempora paths available to individud (thet is,
gynthetically congtructed) companies aswell as synthetically congtructed travelers? In
particular, can we smulate the effects of spatid agglomeration of activities based on the mutua
locationa benefits discussed above by microsmulating the passage of information aswell as
goods and peopl e between such companies?

3.4 Practical Issues: Towards More Usable Models

A strong argument can be made that as far as land use-transportation modeding efforts to date
are concerned, toolmaking is more advanced than theory. 1t would be difficult to find an area of
research that has drawn on agreater variety of mathematical, satistica, and computationd
methods in its search for empirica validation and subsequent practical gpplicability. Yet the
goplication of many of these techniques is much less widespread within the planning professon
than might be expected. Few practicing regiond or metropolitan planners caibrate their own
multinomid logit modes or experiment with dternaive land avallability or dengty condraints as
part of anonlinear mathematical programming exercise. Nor isthe issue smply one of technical
traning. In order to encourage practicing planners to make greater use of the modes which do
exist, the models need to be made easier to use.

If planners from more than one jurisdictiond leve (loca, metropolitan, statewide, or regiond)
can be brought together by use of acommon, easy to use modeling, possibly game-playing
software, then improved models could possibly be transformed into consensus building tools,
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rather than the seemingly arcane components of a planning process in which only one or
possibly two experts within any metropolitan planning agency have anything to do with them
directly.

Researchers have dready developed arange of user interfacing capabilities, including graphica
interfaces, for commercialy available models such as MEPLAN. However, we can go much
further here, as evidenced by the use of highly interactive, multimedia, decision-support aidsin
other fiddds. The emergence of reasonably priced and generdly ble geographic
information system (GIS) software isthe latest step in this development of decision-support
tools. By linking areationd database management tool to software programs for manipulating
gpatid primitives (points, lines, polygons), adding the land use and transportation modding
subroutines themsalves, and building around dl of these an easy to use, map-based interface,
we have the principal components of a spatiad decision support system (an SDSS). Ongoing
developments in the SDSS arena promise more effective manipulation of both spatia and
nongpatid data eements, in the short term through the more efficient selection of which
computations to carry out via database manipulations and which to continue to model through
the more context-gpecific agorithms (see, eg., Lolonis, 1993). The field of urban transportation
modeling is only now beginning to make use of such GIStools (Prastacos, 1991; Hartgen et d,
1993; Anderson, Kanaroglou and Miller, 1994; Spiekermann and Wegener, 1994).

Current developments in database encapsulated software systems and object-oriented
programming languages aso suggest a move towards more flexible software systems (Stevens,
Tonn, and Southworth, 1994). Again, we are just beginning to make use of such advancesin
thefidd. For example, the SUSTAIN modd, an offshoot of the TOPAZ effortsat CSIRO in
Audrdia, is currently being developed as an object-oriented programming gpproach specificaly
directed a the linkages between transport, urban form, and energy consumption (Roy and
Marquez, 1993).

A key component of such decision-support systemswill be their ability to help the planner
resolve often competing energy, environmenta, fisca, socia, and economic gods. Here the use
of multicriteria decison-making methods are also worth further explorations. Three increasingly
popular decision aides that have been applied recently to transportation project assessments
include Saaty’ s Analytic Hierarchy Process (see Zahedi, 1986 for areview), Roy’'s ELECTRE
[11 method (see Roy, Present, and Silhol, 1986 for an application to Paris metro station
locations) and Concordance Analys's (see Giuliano, 1986b, for an gpplication to the ranking of
dterndive highway, bus trangt, ride sharing and commuter rail investment projectsin Orange
County, Cdifornia).

Each of these approaches can be applied to, actualy on top of, the outputs of any of the above
reviewed land use-transportation models as afurther aid to strategic as well as project specific
decison making. In particular, they can enhance the evauation of trade-offs between the costs
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of plan implementation and the energy savings, emissions reductions, and the economic and
socid impacts (including intercommunity equity impacts) of proposed travel reduction Strategies.
Any redlist hope for the acceptance of trangportation plans which sgnificantly reduce petroleum
based fuel use and greenhouse gas emissions will certainly require plans which aso address such
trade-off issues (see Bae, 1993).

There are anumber of additional bendfits to developing a highly interactive, multimedia
approach to decision support. It's much easier to remain skeptical about a batch driven
process in which the user’s only interaction of note is data input than it isto fed the same way
about a processin which he or sheis an active component. Highly interactive user-centered
planning tools can prove to be very powerful decison-support aids. Thisis particularly true for
spatidly explicit problems. Here an interactive game of consequence analysisis appeding; a
game in which the andyst gets to experiment with different starting points, parameter vaues,
land use contrals, pricing schemes, fisca and other condraints, and arange of differentialy
weighted plan objectives. A mgor benefit from the use of such interactive sysemsislikdy to
be the knowledge both gained from and added back to the system by the analysts.

Tomorrow’ s decision-support systems are likely to combine text, and geo-graphics with sound,
and video, including animation (see Wiggins and Shiffer, 1990, for adiscusson). Software
which alows the user to place aeria photographs behind model constructs, such as network
upgrades and new land use arrangements, can aso serve the process of bringing the art of
modding closer to the planner. With the arrival of globad communications in the form of the
Internet and World Wide Wed, a considerable increase in the use of interactive, map-based
editing tools should be expected to inform the land use and transportation planning process.”
Indeed, in coming years, whenever amgor metropolitan planning proposd is transmitted in
digital form its likely to encourage a significant number of Smilarly transmitted responses from a
growing number of interested parties. This congtitutes a type of information which our present
models and supporting databases are perhaps ill-equipped to handle.

The development of such interactive, mode-encapsulated andyss tools congtitutes a challenging
research and development task. Well-designed decision-support system require as much
thought (and at least as much money to render operationd) as do the computer models of land
use and trangportation interaction on which they are based. The tools now exist with which to
build such software. However, current commercial GIS packages are till some way from being
the spatia decision-support tools we need. Experience with such softwarein the field of urban
and regiond trangportation modeling has been quite limited to date. Education in how to
congtruct, adapt, and use such software tools is now required within the trangportation planning
profession.

®  Ealy effortsin this area currently include those a the University of Cdiforniaat Davis
(Johnston, 1995).
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experiences are described in terms of land use zone systems, trangportation zone system,
household and employment categories, control totas, use of forecasts and implementation-
gpplication issues. A compstitive test of the above three mode s was recommended for afina
modd sdection. The cost of implementing DRAM-EMPAL a DVRPC, aswell asdetaled
data requirements are specified to illustrate the magnitude of this project.

For More Information Contact:
Ddaware Vdley Regiond Planning Commisson
Regiond Information Services Center
The Bourse Building
111 S. Independence Mall East
Philadelphia, PA 19106-2515
(215) 592-1800 Fax: (215) 592-9125

116 Land Use Compendium



Review of Land Use Models and Recommended Model for DVRPC

TABLE OF CONTENTS

X ECUTIVE SUMMARY ¢iiiititttttieeseeeeteessssasssssssessssssasssssessssssssanssssssssessssnnnsssssssessssnnnnrsssessessssnnnns 117
INTRODUGCTION ..ttttttttuessseseresssssnssssssesessssssnssssssessssssnsssesesessssssnnsssssesessssssnnssesesesssssnnnneseeeeeeessnnnns 118
1. LITERATURE REVIEW: LAND USE—TRANSPORTATION MODEL INTEGRATION...cttvvueeeereeeeereennnnns 119
1.1 Needfor Land Use- Transportation INEEraCtion...........cceoveeererineneneneeeeeesesee s 119

1.2 ClESS OFf IMOUEIS, ...t e et e e e e e e e e et e e e e e e e e e e e e eeeeeeeaaennneees 120
121  Lowry and Lowry Derivative MOOESS ..........ccceieriiniiriinieneseeeeee e 120

122  OptimiZation MOOES.......ccoceeiieeeee sttt 121

123  Econometric-RegressSion MOOES........coovirerieieresiesie st 122

124  Economicaly-Based Land Use Market MOdElS...........coveeeieevieccieceeciece e 122

1.3 Inventory of Land Use ModelSTOr AQENCY USE.......coerieieriirieniesiesiesieseeee e 122

1.4 Current Land Use Moddling Practice at MPOS..........cococciiieiecie et 125
L.4.2 MEPLAN MO ..ottt e e e e e e e e e e e e e e e e e s e aeeneeneaeens 129

LA 3 METROSIM MO ...t e e e e e e e e e e e e e e e eeeeaaaens 131

21 Land Use Modd EXperienceSin FOrda.........ccoeiererieiieieieesese e 133
2.1.1 TampaBay Region Mode (Resource System Group) ........cceevveeeevreereeeeesreessesneenns 133

2.1.2 Orlando Urban Area Metropolitan Modd (S. H. Putman ASSOCIAeS)............ccevenene 134

2.2 Telephone Interview with MPOs using DRAM-EMPAL .........ccccooviiieevece e 134

3. DESIRED CHARACTERISTICSOF THE LAND USEMODEL FORDVRPC.....oovvieeeeeeeeeeeeieee e 137
4. DRAM-EMPAL DATA AND COST REQUIREMENTS ...uuuttterrreerrersssssssssssssssrsssssssssssssssssssssssssssee 138
4.1 DRAM-EMPAL Dala REQUITEMENTS.......ccuiitirieiieriieiieieeieee e 138
4.2 Edimated Cogt of the DRAM-EMPAL Modd Implementation............cccoceevveeeieeiiennnnne. 140
4.3 Policy Andyss and Maintenance of the DRAM-EMPAL Modd: .......cccoevvveeieecienenne 141
4.4 DRAM-EMPAL Model COSt SUMMENY ....cc.cccviiieiieiecieeste e ste et see e sne e 141
= = N = YRR 142
A. TELEPHONE INTERVIEWSWITH MPOS USING DRAM-EMPAL ....coeeeeeeeeeee et 144
B. LAND USE MODELSIN TRANSPORTATION PLANNING ...ccitttttttieeieteeeeeesstieasssssssesssssnasssssssessssnnnns 152

Land Use Compendium 117



Review of Land Use Models and Recommended Model for DVRPC

118 Land Use Compendium



Review of Land Use Models and Recommended Model for DVRPC

EXECUTIVE SUMMARY

This report reviews current land use modeling practice and recommends aland use mode! for
DVRPC. Theanalyss has been based on areview of rdevant literature on land use modeling
augmented by telephone interviews of MPOs regarding their experiences using land use models.

In this report the interaction between land use and transportation is explained by emphasizing
that enhancements to the transportation system improving the bility of some zones
meaking them more attractive for some households or firms. Since this change in accessibility
and the resultant change in the pattern of households and activities are not accounted for in
traditional four-step transportation models, an integrated modd of the transportation and land
use systems becomes necessary.

Three operationd moddls, DRAM-EMPAL (S.H. Putman); MEPLAN (Marcia Echenique);
and METROSIM (Alex Anas), were reviewed in detail with respect to their completeness, user
base and theoretical contents.

The DRAM-EMPAL isthe modd used most extensvely by U.S. MPOs. Thismodd system is
aLowry-derivative type modd using maximum entropy formulaion. The author of the mode
has a plan for enhancing the mode in an evolutionary form by structuring the component modes
and using a Gl S-based data structure for easier interaction between component models as well
as accessing mapping and satistica routines.

MEPLAN is another Lowry-derivative modd which uses economic base theory in an input-
output mode framework with price function. An input-output modd is gpplied to represent
flows between activitiesin the form of demand for space. The coefficients of the input-output
model are used to caculate pricesin an dastic form to represent land alocation within zones,
Random utility is used to represent an explicit spatid system where households and firms decide
whereto live and locate in a utility maximization or a cost minimization framework within
gpecified condraints. This dlows market land prices to be considered in the mode explicitly.
On the same bagis, the price of trangport might be formulated in terms of time penaties
representing congestion. The mode! is used in London, Cambridge and Stevenage inthe UK.,
Santiago de Chile; Sao Paulo, Brazil; Tehran, Iran; and Bilbao, Spain. 1ts most recent
goplication has been for the South East England region.

METROSIM, takes an economic gpproach to modding housing and land use location. The
model embodies the discrete choice method with economically specified behavior and a market
clearing mechanism. The modd is formulated in three market equilibria: 1) labor market
equilibrium and job assgnment, 2) housing market equilibrium and 3) commercid space
equilibrium. The mode iterates between these markets and the transportation system for
equilibrium of land use and trangportation flows. Thismode has evolved from gpplicationsin
Chicago congsting of resdentid |ocation-housing and mode choice sub-modds. In
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implementing the modd in the New Y ork Region, non-work travel choices and commercia redl
edtate markets were added. The METROSIM modd isardatively new formulation and has
not been applied to any other MPO.

To document experiences of MPOs with land use models, a telephone interview was conducted
with five MPOs who use the DRAM-EMPAL modd. Questions were asked about cdibration-
forecast years, land use zone and transportation zone systems, transportation software,
household and employment categories and methods of projecting control totals. Review
processes of forecasts made and use of such forecasts were dso questioned. The main finding
of the telephone interview isthat the mgority of users are satisfied with the DRAM-EMPAL
model; however, there isaneed for improvement. The consensus opinion isthat efforts should
be made by the author of the modd as well as by the user community to enhance the mode
system rather than starting a new model atogether. Those MPOs who have been successful
with the modd attribute this not only to the mode system but aso to their own efforts, especidly
in providing a sound employment location database. One MPO is actively looking for a
replacement.

It is essentid that DVRPC benefit from the experiences of other MPOs with existing operationa
land use modds. Also, improvements to the moded system should be possible asthe
component modules become available. We propose a two-step selection and implementation
phase: short-term and long-term. In the short term, we recommend that limited versons of the
DRAM-EMPAL, MEPLAN and METROSIM models be acquired for competitive testing in
prototype use, policy analysis and impact assessment. For long-term needs, the model system
should be modular to alow the insertion of better component modules as they become
avaladle.

To fulfill the terms of our contract with DVRPC, we defined the data needs and estimated the
cost of implementing the DRAM-EMPAL. Thismodel has been agpplied by most U.S. MPOs
as of thiswriting, isfully operationa and is less data intensve in comparison with the other two
models. The DRAM-EMPAL does not use specific economic variables in asystematic formin
its market-clearing mechanism, and thus its forecasts can be questioned by “pure’ theorigts. The
estimated tota cost is $600,000: $140,000 for the mode license and independent consultant
cogts plus the equivaent of $460,000 for DVRPC's senior modeler and staff time.

| NTRODUCTION

Thisreport, prepared for the Delaware Valey Regiona Planning Commission (DVRPC),
reviews existing land use modeing practice regarding the integration of transportation and land
use moddls. The study consists of two related sub-tasks of literature review and
recommendations of the most appropriate land use modd for the Commission's needs.
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In this report the need for Land Use — Trangportation interaction is explored, followed by the
description of four classes of models. This discussion leads to a synthesis of inventory of land
use mode s for agency use followed by current land use modeling practice &t MPOs. Section |
concludes by describing in some detail the most commonly used operationa land use models:
DRAM-EMPAL and MEPLAN. In addition, details of a newer modd which uses micro-
economic theory in modd formulation, METROSIM, is added as representative of promising
gpproaches in land use modeling.

Section Il provides andyses of land use modd experiences through randomly selected
telephone interviews with MPOs using the DRAM-EMPAL mode. Thisincludes information
on cdibration, land use zone system, trangportation zone system and software, household and
employment category uses, ways of providing control totals, forecast review processes, use of
forecasts, computer system used, model selection process and implementation and application
issues.

Sections 11 and 1V specify desired characteristics of aland use model for DVRPC on the basis
of Section |, literature review; and Section |1, land use model experiences. Instead of sdecting
aparticular model among the three models which are operational and have known theoretical
underpinning, this report recommends that a prototype policy and implementation test be
performed before find sdlection. The cost of implementing the DRAM-EMPAL a DVRPC is
edimated and its data requirements are defined to illustrate the magnitude of this effort.

Appendix A provides details of the telephone interviews conducted for this report.

The principa author of thisreport is Kazem Oryani, Ph.D., URS Consultants. Appendix B, a
parale paper written for this report by Professor Britton Harris, sub-consultant to this studly,
provides a perspective on land use models by tracing mode development efforts with regard to
theory and implications of the use of such modds a the MPO level. The ideas presented in
Appendix B are related to and supportive of the conclusions of the main report, but do not
presume to anticipate or preempt those findings.

1. LITERATURE REVIEW: LAND USE — TRANSPORTATION M ODEL |NTEGRATION

1.1 Need for Land Use - Transportation Interaction

Traditiond trangportation models condst of four stages: trip generation, trip ditribution, mode
choice and trip assgnmen.

The number and types of trips estimated in the trip generation phase for each traffic andyss
zone is matched with trips attracted to zones by purpose through a zone-to-zone impedance
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matrix (time, distance, cost) in the trip distribution step. Mode choice converts person trips to
auto and trangt trips based on arelative cost/avail ability/preference function. Auto trips and
trangit trips are loaded onto the trangportation network, usudly through the equilibrium method,
using congested travel time in such away that no individua trip maker can reduce his or her
path costs by switching routes (Wardrop's equilibrium).

The aboveisasmple, yet concise, depiction of practice in traditiond transportation modeling.
Considering that planning deals with the future and forecasts of travel patterns and land use are
the heart of the planning endeavor, what is lacking in the aove picture is the impact that
enhancements to the trangportation system have on land use. Enhancements, such asthe
addition of new fadilities, or upgrading of exigting facilities increase the accessibility of some
zones. Such zones then become more éttractive for households or firms. Thisincreasein
access bility which leads to more households or firms locating in the more accessble zonesis
not accounted for in the trip generation step. On the land use side of the equation, the increase
in population or activity in zones requires further facility enhancement, but thisis not considered
in the assumed transportation systems used in the location models.

Changes to aland use pattern, which is spatia didtribution of activities, usudly have sometime
lag in response to transportation improvements. Also, the response of policy makersto
congestion is not ingtant. Nevertheless, an interrdationship of land use and trangportation does
exis. AsMackett (1994) dtates, "Thereislittle doubt that land use does change in response to
changes in transportation infrastructure and thereby causes secondary effects on travel demand
in addition to the direct effects caused by route and mode switching.”

Thisrequires the use of congested travel times from atrangportation model as an input to aland
use modd. The subsequent possible changes in the land use pattern, which was assumed fixed
in the trip generation phase, must be evauated. This requires a feedback loop between the
transportation system and land use system in such away, that after severd iterations of the
model system, an equilibrium State is reached between trangportation and land use as an
integrated system.

In summary, this dynamic relationship between land use and transportation and the inter-
connection between these sub-systemsis not considered in static four-step trangportation
planning models. Thereisaneed for linking and/or integrating transportation and land use
models through feedback mechanisms or joint determination of syslem components. Such
connections make these models more redidtic in their depiction of the system under study and
the subsequent use of these models as policy andysistools.

1.2 Classof Models:
1.2.1 Lowryand Lowry Derivative Models
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Modeling urban form, as represented by location (Iland use) models, was primarily conceived by
Lowry in hisMode of Metropolis (1964). Thismodd is based on the assumption that,
everything ese being equd, the place of employment determines the place of resdence. Place
of work (basic employment location) implies the place of residence (population and dwelling
units). The resident population requires "services', therefore, place of service employment is
determined by resident population. The service employees themsdves require housing in
relation to their place of work. This additional population requires further services which will be
fulfilled by additiond service employment. The new service employees require housing in
relation to ther place of work. Thisround of reasoning continues until there are no further
service employees or households to be located.

Households and employment are congtrained by regiona employment and household totals.
The heart of the model for placing householdsis a gravity mode relating employment location to
an impedance function of power form. One of the derivatives of Lowry's mode isthe TOMM
model (Time Oriented Metropolitan Modd) which introduces an dement of time in the modd.
Theorigind Lowry formulation, as Lowry himsdf putsit, generates an "ingant metropolis'
(Lowry 1964).

The MEPLAN modd of Marciad Echenique and Partners introduces e ements of relative rent
for land (comparative prices) and Putman's Disaggregated Residentid Allocation Model
(DRAM) introduces disaggregation of activities by employment type and household income
quartiles. Andogy with the laws of gravitationa force was the initid principle used in
congtructing these urban models.  Wilson (1967, 1970, 1971) introduced principles from
information theory to estimate atypica trip table which is used to cresate a series of spatia
interaction models. DRAM, areformulation of Projective Land Use Mode (PLUM, Goldner
1968, in Putman, 1979), is based on the use of the explicit determination of atrip table using
Wilson's maximum entropy formulation.

1.2.2 Optimization Models

The second class of urban activity alocation models uses optimization theory in describing the
process of urban form. These models assume that the pattern of households and employment
locations can be described as dlocations of new land usesin such away asto optimize an
objective function which consists of trangportation costs and activity establishment costs. The
models have congtraints intended to ensure that zones are not filled beyond capacity and that al
activitiesare dlocated. Technique for Optimum Placement of Activitiesinto Zones (TOPAZ)
uses a non-linear objective function (for more detail see Oryani 1987). It isone of asmall
number of optimizing models which have been used by planning agencies to define extremes of
dternatives.

The Herbert-Stevens (1961) mode attempted to smulate market conditions for redistributing
locations. It based its formulation on the economic theory of trading time for lower dengties
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and other amenities in suburban development. This modd was extended by Harris (1962) and
Whegaton (1974) to form anon-linear programming model in which transport cost is part of the
objective function.

Boyce (1986, 1990) is aleader in the development of combined models of location and
trangportation using nor-linear programming (congtrained optimization). His investigations of the
practica use of such congtructsin planning agencies are performed in an academic setting.

1.2.3 Econometric-Regression Models

Thethird class of activity alocation modd takes its roots from econometric models with
smultaneous systems of equations. EMPIRIC, the first large scale linear urban form modd, was
developed for the Boston Region (Hill, Brand and Hansen 1965, in S. H. Putman, 1979, pp.
19-29). Thismodd uses regresson analysis and S multaneous systems of equations for drawing
rel ationships between different types of land uses. Unlike the other classes of models described
earlier, EMPIRIC-type models do not represent a coherent urban form theory. Model
coefficients are estimated by using exigting land usesin the region.

1.2.4 Economically-Based Land Use Market M odels

Economically-based models of resdentia choices began with Wingo (1961) and Alonso (1964)
with emphasis on the location of housing in addition to other characteristics where households
trade-off added travel for space and amenity. These analyses were based on mono-centric
places of employment where concentric rings of resdentia land market can be defined with
lower densities as one moves toward the outer rings. AsHarris explainsin Appendix B of this
report, this conceptuaization led to the National Bureau of Economic Research (NBER) mode!.
NBER took into account the attraction of numerous large employment centers; and, for the first
time in any mgor sudy, andyzed household residentid preferencesin detail.

Anas (1975, 1987) expanded on the economic approach to modeling housing and land use
location from the Wingo-Alonso school of economic models. He used the discrete choice
method, developed by McFadden (1973), into models with economically specified behavior
and amarket clearing mechanism. A detailed description of the latest variant of the Anas
modd, METROSIM, is provided in Section 1-4 of this report.

1.3 Inventory of Land Use Modelsfor Agency Use
Modes applicable to agency practice with different degrees of being operationd include:

5. DRAM Modd: Disaggregated Residentia Allocation Mode, behaviora -entropy
maximizing, Lowry type mode
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6.

~

10.

11.
12.
13.
14.

TOMM Modd: Time Oriented Metropolitan Modd: Lowry type with dynamic

formulation

MEPLAN Modd: Echenique, Lowry type with comparative land price components
LUTRIM: Land Use Transportation Integrated Mode: Lowry type integrated to the
traditiona trangportation planning modes as the fifth step

TOPAZ: Technique for Optimum Placement of Activitiesinto Zones. Non-linear

optimization mode

TOPAZ82: retains the mathematica structure of TOPAZ while incorporating the

disperson capability of agpatid interaction model.

Herbert-Stevens Mode: Linear optimization incorporating economic base theory
HarrisWheaton Mode: Non-linear optimization with economic base theory
EMPIRIC: A regresson-based model of smultaneous systems of equations
METROSIM: Discrete Choice Modd of Housing Location by Alex Anas

Except for TOPAZ and TOPAZ82, both of which originated in Austrdia, and MEPLAN,
which is a British modd, dl of the above modds originated in the United States.

In ademongtration project to develop methodologies for evauating dternative land use patterns
for ar qudity implications, the following fourteen land use models were identified:

1. TOPAZ Augrdia
2. MEP U.K.

3. ITLUP(DRAM-EMPAL) U.SA.

4. LILT U.K.

5. AMERSFOORT Netherlands
6. CALUTAS Japan

7. IRPUD (Dortmund) Germany
8. OSAKA Japan

9. SALOC Sweden
10. MEPLAN U.K.

11. TRANUS Venezuda
12. TRACKS Audrdia
13. TRANSTEP Audrdia
14. TOPMET Augrdia

Source: “Making the Land Use Transportation/ Air Qudity Connection,” Volume 1, October
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1991 prepared for the Organization of 1000 Friends of Oregon, Cambridge Systematic, Inc.,
with Hague Consulting Group

Mogt of the above modds are not available commercidly for agency use. Available modes
include TOPAZ, TOPAZ82, MEPLAN, ITLUP, TRANUS, TRACKS and TRANSTEP.
Among the available modds only ITLUP (DRAM-EMPAL), MEPLAN, and TRANUS have
sufficient ingtallation Stes to enable users to share experiences to shorten the learning curve in
modeling gpplications.

A survey of MPOs covering the twenty largest Metropolitan Statistical Areasin the United
States, and two additiona agencies known to be on the leading edge of modd use, was made
by the same 1,000 Friends of Oregon study. Information about land use data and land use
procedures in travel demand modeling was provided by 19 of these 22 agencies.

The survey found that eight agencies use land use datain the traditiona form in trip generation.
None of these "traditiona” agencies had aland use mode for alocation of development
activitiesto zones.

A second group of five agencies, cdled “innovative’ by the Oregon study, used land use
dlocation moded s to provide input data to the trip generation phase of their transportation
models. Except for one agency which used its own specific technique, the other four agencies
utilized DRAM-EMPAL modes.

The third group included four agencies which are in trangtion from "traditiond” to "innovative'
approachesin land use data. Except for one agency, which isin the process of cresting its own
land use modd, the three other agencies are in different stages of implementing DRAM-
EMPAL astheir land use model.

The fourth group consists of two agencies. One uses avariant of DRAM-EMPAL models
integrated into trangportation modeing with necessary feedback mechanisms between the
trangportation and land use modeds. The other agency, the Association of Bay Area
Governments, has created its own land use model, POLIS, which is described on the next page.

Modeling is a powerful tool and additionad models are congtantly being developed and are
described in the literature. In a 1994 study by Michael Wegener entitled "Operationa Urban
Modds. State of the Art," the following 12 models are identified as being operational. He made
no judgements on the qudity of the models, but the criteria of being gpplied to red cities and
being operationa had been satisfied:

1. POLIS: the Projective Optimization Land Use Information System developed by
Prastacos for the Association of Bay Area Governments
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15. CUFM: the Cdifornia Urban Future Modd developed at the Ingtitute of Urban and
Regiond Deveopment of the University of Cdiforniaat Berkeley

16. BOYCE: Combined models of location and travel choice developed by Boyce

17. KIM: the non-linear verson of the urban equilibrium mode developed earlier by

Kimet d.

18. ITLUP. the DRAM-EMPAL Integrated Trangportation and Land Use Package
developed by Putman

19. HUDS: the Harvard Urban Development Simulation developed by Kain and Apgar

20. TRANUS: the transportation and land use model developed by de laBarra

21. 5LUT: The5-Stage Land Use Trangport Model developed by Martinez for Santiago
de Chile

22. MEPLAN: the integrated modeling package developed by Marcid Echenique &
Partners

23. LILT: the Leeds Integrated Land use/Transport Model developed by Mackett

24. |IRPUD: the modd of the Dortmund region developed by Wegener

25. RURBAN: the Ransom-Utility Urban Modd developed by Miyamoto

In the most recent paper by Wegener, (1995) the following modd is added to the above list:
13. METROSIM: the new microeconomic land use trangportation modd by Anas
1.4 Current Land Use Modeling Practice at MPOs

The most important comparison of operational models worldwide took place during the early
1980s to early 1990s. It was conducted by the International Study Group on Land Use
Trangportation Interaction (ISGLUTI). The group included moddersfrom the U.S,, UK.,
Germany, the Netherlands, Audtrdiaand Chile. They exchanged data sets and tested their
models againgt a set of policy concerns salected collectively by the group. The results of these
comparisons of the modds with common data sets were contained in ISGLUTI publications
and have been mentioned in various papers (Mackett, 1994 and Wegener, 1994 for example).
Beyond the use of modelsin theoretical settings, Mackett (1994) describes two applied
examples of land use modds in the British tradition to show their usefulnessin policy andyss.

Mackett's first example is the use of modeling in congestion pricing. Thisisanew land use
model being developed by Marcid Echenique and Partners (author of MEPLAN) whichis
being linked to the London Trangportation Studies (LTS) modd, a conventiona four-stage
transportation model. Below the LTS mode, there is an operationd traffic smulation model
used for localized sudies. The second exampleisthe use of the LILT (Leeds Integrated Land
Use Transport) modd to find trip distribution and moda split patterns alowing the choice of
residence and employment to vary for some population sub-sets. The trangit trip pattern was
assigned to atrangt network assessing location of stations and service frequency for an
evauation of anew rail route (see Mackett, 1994 for more detail).
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The LILT modd, as well asthe Boyce mode (Boyce, 1990) mentioned earlier, are combined
equilibrium modes of location and transportation.

The latest Survey of Land Use and Travel Data of the Metropolitan Planning Organizations of
the 35 Largest U.S. Metropolitan Areas (Porter et d., 1995) contains information about land
use forecasting procedures and the use of land use modds. According to this survey:

*  Tweve MPOs are usng DRAM-EMPAL modds;

. Five MPOs are using their own models (POLIS, PLUM, and three locad models);

OneMPOisin the process creating its own modd; and

*  Two MPOs use the Delphi (exchange of expert opinion) Technique.

. Fifteen agencies do not use land use modd's but use quditative procedures. This
group alocates land use to Transportation Analysis Zones on the basis of forecasts
of population and employment.

Indl review papers and surveys regarding land use models, it appears that DRAM-EMPAL is
the most used modd and has the highest number of ingtalations among the MPOs. MEPLAN is
used in numerous applications abroad. A third modd, METROSIM, which embodies discrete
choice moddling in amarket clearing framework can be used as an equilibrium modd of housng
and land use location.  These three models are commercidly available for agency use. For this
reason, we are providing in-depth anayses of these three models. It should be noted that
licensing and participation of modd authors are necessary for their use.

141 ITLUP: DRAM-EMPAL Models

The Integrated Land Use Transportation Package (ITLUP) of S. H. Putman Associates
conssts of two main sub-models, the Disaggregated Residentid Allocation Model (DRAM) and
the Employment Allocation Modd (EMPAL). A third main program (CALIB) produces
maximum likelihood parameter estimates for DRAM and EMPAL.

These modds, as mentioned earlier, are Lowry derivative types usng maximum entropy
formulation. These modds have been available since the early 1970s and have been
incrementally improved over time. According to the author of the models, they are the "most
widely applied models' (Putman, 1995) of their type. The modes have been used by more than
20 public agencies for policy andyss. Putman states that currently there are 16 regiond
agencies which are licensed users of this modeding system.

DRAM isasingly-congrained residentia alocation mode which forecasts household location
by household types (employed residents) in relation to employment locations in a future year
and the probability of work trips between zones in the future year. The probability function has
two distinct parts: transportation impedance (time or cost) and ameasure of attractiveness of
zones used for alocating households. Location of employment is defined either outside the
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mode or by use of the EMPAL modd to forecast location of employment. Thetravel costis
usudly atwo parameter gamma function and the attractiveness of the zones uses the following
variables per zone for the base year:

Vacant, buildable land in origin zone

Percentage of buildable land which is dreedy built
Resdentid land

Percentage of householdsin the lowest income quartile
Percentage of households in lower middle income quartile
Percentage of households in upper middle income quartile
Percentage of households in the upper income quartile

NooprwdhE

The dtractiveness measure is a multiplicative power function of a Cobb-Douglas form. In most
gpplications of the modd, three-to-five household categories are consdered. Assuming three
parameters (vacant, buildable, resdentid) for the land component of the attractiveness measure
and four income quartile parameters, in addition to the two-parameter travel cost modified
Gamma function, there are nine parameters to be estimated for each income group. In case of a
four-income quartile gpplication, the number of independent parameters to be estimated will be
thirty-gx.

EMPAL isdso amodified sngly-congtrained spatid interaction modd for forecasting
employment location by type in relation to an attractiveness measure and alagged employment
type. The attractiveness measure conssts of an impedance matrix (travel time or cost) between
zones, with population distribution in the base year and totdl area of zones in the forecast year.
The modd forecasts employment location for four to eight sectors.

There is one parameter for area size, one parameter for total employment and one parameter
for weighing of the lagged employment. If the two parameters from the impedance matrix cost
are added, there are five parameters per employment type to be estimated. In afour-
employment type application, the number of independent parameters to be estimated is twenty.
Employment types consdered in the Washington, D.C. Metropolitan Area application of the
mode (Putman, 1983) were:

Finance, insurance, and red estate

Wholesale and retail trade

Manufacturing, transportation, communication and public utilities
Government

PN P

In Houston, four employment types were applied (Putman, 1990):

1. Industrid
2. Inditutiond
3. Office
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4. Rdall

In both of these gpplications of the model, four household types (Low-Income, Lower-Middle-
Income, Upper-Middle-Income and High-Income quartiles) were used. There was no explicit
economic variable used in the allocation of land uses such as price or land value. However a
mix of income quartiles and the placement of industry-typein azone, in alimited way, might be
congrued as an implicit congderation of land value.

Cdlibration of the model for different urban areas has shown that for the most part, the sgnsand
magnitudes of modd parameters remain within normal ranges.

CALIB isthe automatic cdibration program which is used to estimate the equation coefficients
in both DRAM and EMPAL. Thisisone of the prominent features of the mode system. Many
land use modding efforts with other models could not be gpplied because the model system
could not be cdlibrated properly. CALIB produces estimates of parametersin a systematic
way, making it possible to compare vaues with those of Smilar regions as an additiona degree
of comfort for modeling and policy andydts.

In addition to maximum likelihood estimates of the equation coefficients, CALIB provides
goodness-of-fit gatigtics, asymptotic t-tests of the statistical significance of the coefficients and
point elagticities for sengtivity anayss. The procedure used for estimation of the parametersis
agradient search procedure. This autométic cdlibration program is an innovative festure of the
I TLUP package which makes the modding system unique among itsrivas.

This land use model was one of the modelsincluded in the ISGLUTI modeding comparison.
(See Section 1.4.)

The DRAM-EMPAL modds are being extended into a new system called METROPILUS.
Thisisan evolution of the DRAM-EMPAL package. According to Dr. Putman, the author of
both modds, it will combine employment and residence location, and land consumption in a
sngle comprehensive package. The dructure of the individua components will be based on
logit, and where appropriate, nested logit formulation.

The mode will use location surplus notion to arrive at a DRAM-type formulation. The addition
of alagged variable of householdsin DRAM to increaseits religbility is one component of
METROPILUS. Adding “land value’ in the atractiveness measure of DRAM is aso under
consderation. This proposed “land vaue” will be relative house prices, possbly in theform of a
multi-variate house index giving consderation to Sngle and multi-family structures.

In terms of implementation, according to the author of the modd, it will be made avalablein
phases. Firdt, a data platform was selected to facilitate model component relationships and
access to acommon database. ARCVIEW isthe Gl S-based data structure which current
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DRAM-EMPAL-CALIB will useto interact between model systern components aswell to
access mapping and statistica routines. This ARCVIEW-based DRAM-EMPAL package will
be an intermediate product. METROPILUS will use this data structure and will reformulate
DRAM and EMPAL with the location surplus notion as mentioned above. Thiswill dlow
enhancement to component models without sacrificing un-affected routines and sub-models.

In terms of implementation, if thismodd is selected and if DVRPC approves, it should proceed
with DRAM-EMPAL. AsDr. Putman stated, al DRAM-EMPAL licensees will be converted

to METROPILUS through a seamlesstrangtion. Avallability of METROPILUS is estimated to
be one-year to eighteen months from the date of this report.

Travel Times Base Year
Spatial Patterns

Regional
Forecasts

=8 Disaggregation

Trip
Assignment

Travel
Times

MSA
Procedure

Aggregation

Linked Moddls of Land Use-Transportation: DRAM-EMPAL
1.4.2MEPLAN Model

The MEPLAN mode of Echenique, as mentioned earlier, isaLowry derivative mode which
was congtructed using economic base theory. The mode uses places of basic employment to
ca culate household locations and then cal culates the service employment needed to serve these
households. What differentiates this model from other Lowry derivatives isthe way the land use
module or, asits author putsit, the economic module, operates (Echenique, 1994). The
economic module incorporates three economic concepts, i.e. input-output modd, price function
and random utility.

Land Use Compendium 131



Review of Land Use Models and Recommended Model for DVRPC

MEPLAN conssts of three main modules (Echenique, 1994) with an evauation module asa
fourth module (Making the Land Use Transportation Air Quaity Connection, Modding
Practices, Val. 1, 1991, p. 28). Theseare: LUS, the regiona/urban land use - economic
module which estimates the demand for inputs for basic production in zones following Lowry
reasoning; FRED, the interface module which converts flows from production and consumption
points (zones) into flows of goods and people; and these are dlocated to modes and routes by
TAS, the freight/passenger transportation module. Severd iterations of the model system are
required to balance the land use and transportation modules with feedback in the form of costs
(prices and congegtion). The additiona fourth module, EVAL provides evauation of land use
and transportation effects through cost-benefit analyses of a particular policy versus a base case
(Williams, 1994).

An input-output modd is gpplied to represent flows between activities in the form of demand for
gpace. The coefficients of the input-output modd are used to caculate pricesin an dastic form
to represent land alocation within zones. Random utility is used to represent an explicit patid
system where households and firms decide where to live and locate in a utility maximization or a
cost minimization framework within specified congraints. This dlows market land prices be
consdered in the mode explicitly. On the same basis, the price of transportation might be
formulated in terms of time pendlties representing congestion.

MEPLAN and its close paralldd TRANUS (TRANsporte Uso ddl Sudlo) of delaBarra
(Wegener 1995, p. 20) have evolved from the early 1970s application of afloor space model
within a Lowry-Wilson framework to the city of Reading, U.K. (see Echenique, 1994). The
model uses land prices to balance supply and demand for land consumption in zones. These
modd's "focus directly on competition and resulting rents as a means to confront available supply
of land with the various demands of the different activities. Thisincreases the potentia power of
the models, but at the cost of a high burden of data need and computationd difficulty.” (Making
the Land Use Transportation Air Quality Connection, Moddling Practices, Val. 1, 1991, p. 13).

The solution mechanisms of the modd are based on market mechanisms. " Supply and demand
inthismodel are linked by land price. On the transport side, supply and demand are linked by
time/congestion. Activity demand affects trangportation demand; transportation supply affects

land supply through accessibility” (Travel Modd Improvement Program, USDOT Conference

Proceedings, 1995, p. 90).

In addition to the gpplication of the mode in Reading mentioned above, various versons of the
mode are used in the cities of Cambridge and Stevenage in the U.K. (near London); Santiago,
Chile; Sao Paulo, Brazil; Tehran, Iran; and Bilbao, Spain. Its most recent gpplication has been
for the South East England Region. The mode has been used to andlyze the land use and
trangportation impacts of the introduction of a new domestic service aong the Channe Tunne
rall link to London. It was aso used to analyze the influence of future strategic transport
infragtructure investments on demand for locations by firms and households within the area. The
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transport component of the modd was used as a starting point in the creation of a peciaized
mode for the assessment of congestion pricing (for more detail see Williams, 1994).

MEPLAN was dso one of the modes evauated in the ISGLUTI modeling comparison.

Basic Production Intermediate Demand

Land use

(LUS)

Convert to Trade
Interface
*— (FRED)
Modal Split -~
rasspor
(TAS)

Adjust Price

Supply {(network) ———

MEPLAN Model
1.43METROSIM Model

The METROSIM modd of Anas, as we mentioned in section 1.2.4, takes an economic
gpproach to modeling housing and land use location. The mode embodies the discrete choice
method with economically specified behavior and a market clearing mechanism. Thismodd has
evolved since the early 1980s. According to the author of the modds, these efforts were:

1. CATLASdeveoped and applied to the Chicago areain the period 1981-1985.
Thismode includes resdentia location, housing and mode choice submodels.

2.  NYSIM developed and applied to the New Y ork Region during 1990-1993,
extended CATLAS by including non-work travel choices and commercial red estate
markets.

3.  CPHMM which isadynamic prototype modd of the housing market developed and
applied by the Chicago, Houston, Pittsburgh and San Diego MPOs between 1987
and 1993.
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The solution gpproach of METROSIM considers the direct and indirect effects of land use and
trangportation systems in Smultaneous determinations of land use and transportation costs.

There is no separate calibration program for the model because it uses macroeconomics as the
underpinning of the modd. However, the author claims that well-established econometric
techniques can be used to cdibrate and estimate the moddl.

The modd isformulated in three market equilibria

1. labor market equilibration and job assgnment,
2. housng market equilibrium and
3. commercid pace equilibrium.

The modd iterates between these markets and the transportation system for equilibrium of land
use pattern and transportation flows. A generaized impedance function of time and cost can be
used in the moded system. These equilibria markets are defined through the following seven
sub-models or sectors:

Basic industry

Non-basic industry

Red edtate (resdentid and commercid)

Vacant land

Household

Travel demand for commuting and non-work travel
Traffic assgnment

Nogo~MwDNE

Although the modd has its own assgnment routine usng sochadtic assgnment, in principle it
can be linked to any transportation package in an iterative form. The modd, initsNY SIM form
is used for New Y ork region but METROSIM has not yet been applied to any other MPOs.

The modd system iswritten in FORTRAN and the participation of its author is necessary for its
use. Therdationship between the modd system’s submodels is shown in the following flow
chart.
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2. LAND USE MODEL EXPERIENCES
2.1 Land Use Moddl Experiencesin Florida
2.1.1 Tampa Bay Region M odel (Resour ce System Group)

Resource System Group (RSG) has been involved in the gpplication of aland use modd for the
Tampa Bay region. The modd sructure closdy follows the Lowry-Putman formulation but uses
anested logit formulation for caculating accessibility. The modd is cgpable of using a
composite multimodal impedance rather than a highway-based function. These types of
improvements were firg implemented for Seattles DRAM/EMPAL mode by Tim Watterson
for the Puget Sound Council of Governments (Short-Term Travel Mode Improvements, 1994,
p. 3-3).

The framework of the RSG mode is afive-step land use transportation mode with the first four
steps being the traditiona trangportation mode and the fifth step, the land use modd. Thisis
used in asequentid format, meaning that output from the trangportation mode is fed to the land
use modd through amanua method. The land use modd takes the congested travel time from
the assgnment step of the trangportation mode for the first approximation of land use patterns.
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Unlike the DRAM-EMPAL modd, the RSG modd does not have an automatic calibration
program like CALIB. In addition, sinceit isanewer moded, it does not yet have alarge user
group sharing experiences. Two other gpplications of the mode have been in the
Pease/Seacoast region of New Hampshire and the Chittenden County Regiona Planning
Commission in Vermont. No cdibration results or outputs of these studies were available so
that we cannot comment on the quaity of the mode (for adiscussion of the modd structure and
parameter estimation see Marshal, 1993).

The RSG modd iswritten in"C" language and participation of RSG isrequired in its
implementation.

2.1.20rlando Urban Area M etropolitan Model (S. H. Putman Associates)

DRAM and EMPAL modes were applied to the Orlando Metropolitan Region, on the basis of
data provided by the Orlando Area MPO, JHK & Associates and Real Estate Research
Consultants (Putman, May 1995). The region conssts of 207 regiona zones for the DRAM-
EMPAL application. DRAM uses four income quartiles for households and EMPAL usesthree
employment groups (services, industrid and commercia) roughly corresponding to regiona land
use definitions. Datafor 1985 were used as the "lagged” year and 1990 asthe "current” year.

The cdibration results for DRAM have been successful with the mode being capable of
capturing more than 85% of the variaion inland use. Except for employment services, EMPAL
cdibration has not been successful. On the basis of the modd’ s use in other regions, the author
of the modd attributes this difficulty to incongstencies in the employment data sets for 1985,
1990 or both. Effortsto clean the database have not resulted in a significant improvement in the
cdibration so far. Asthe author of the modd suggests (Putman, 1995, p. 26), use of the
KFAC program is necessary to modify the attractiveness of those zones which have high
proportion of unexplained residud.

The modd system is being ingtalled by the Orlando region’s MPO. Loca planners are being
trained to useit and to satisfy the possible need for additiona work on data, vaidation and
recdibration of the modd.

DRAM-EMPAL iswritten in FORTRAN and participation of the author or alicensng
arrangement is required for implementation of the modd.

2.2 Telephone Interview with MPOs using DRAM-EM PAL

The DRAM-EMPAL modd is used by 12 MPOs among the 18 agencies using land use
models. Therefore, it was decided to interview DRAM-EMPAL user agencies about their
experiences with this modeling syssem. We selected six agencies at random (sample size of
50%). Thesewere:
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Atlanta Regiona Commission

Northeadt Illinois Planning Commission (Chicago)

North Centrd Texas Council of Governments (Dallas)
Houston-Galveston Area Council of Governments (Houston)
Southern Cdifornia Association of Governments (Los Angeles)
Sacramento Area Council of Governments (Sacramento)

oukrwbdpr

Telephone interviews were made with the above MPOs except for Los Angeles which has not
responded despite repested requests. The interviews of the five MPOs are summarized below
and the detalls are presented in Appendix A of this report.

Calibration and Forecast years: All five MPOs used 1985 and 1990 as the cdibration years.
In addition, Dalas intends to perform another caibration in 1997 on the basis of 1990-1995
data sets.

The forecast period is 1990-2020 with five year intervals. Sacramento, which isin the process
of completing cdibration, has not yet begun forecasting.

Land Use Zone System: In terms of the number of Regiona Andyss Zones (RAZ) used for
the DRAM-EMPAL modds, Sacramento has the smallest number with 127 in a four-county
mode. Atlantahas 417 RAZ in aten-county mode; and, Dallas intends to use the model in an
800 RAZ system.

Transportation Zone System and Software: Atlanta has the smalest number of traffic
andysis zones with 960 zones in a nine-county moddl. However, this MPO will be adding
counties. The highest number of TAZ belongsto Ddlaswith 8,000 TAZ. It should be noted
that the Chicago model works on a 15,000-zone system called split-zone.

Atlantaisusng TRANPLAN as the trangportation modeding software. Chicago, Dallas and
Houston are using their own devel oped software systems. However, Ddlasisusing
TRANPLAN for additional andyses and Houston isin the process of converting to EMME/2
software. Sacramento isusing MINUTP software.

Household Categories: Two MPOs are using four-quartile income groups while two MPOs
are using fiveincome groups. Only Chicago is usng eight income octaves.

Employment Categories. Ddlasis usng five categories of employment. Chicago, Houston
and Sacramento are using Six categories of employment and Atlantais using eight categories, the
maximum that DRAM-EMPALL is currently capable of handling. These employment categories
are based primarily on the two-digit Standard Industrid Classification sysem (SIC) but

Houston usesits own classification on the basis of trip length characterigtics.
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Control Numbers: Four MPOs use regiona econometric models of their own, or Bureau of
Economic Andysis estimates, or use estimates of such modd's as the WEFA-DRI type model
for forecasts of future employment and population. The employment location file used most
frequently is the Employment Insurance file (ES202) augmented by field vidits, telephone book
searches and windshield surveys or actud surveys of sites with more than 400-employees
(Ddllas). It appears that those agencies which have devoted resources to employment data
verification are more likely to be satisfied with mode forecasts.

Land use data provided by aerid photography can be augmented by the assessor's land data
file. These sources are verified by Ste vists to sample locations. Most of these MPOs use
ARC-INFO to maintain land use data.

Review Process. A mgority of the MPOs use areview process for the forecasts generated
by themodd. Atlanta previoudy was doing reviews of every five-year interva of the modd
output. This proved to be atime-consuming and difficult task. Now the fina forecast year is
sent to the participating agencies for review and comment.

Panning judgment is used to modify some of the projections. This process is mostly azero-sum
game for locdlities affected. Chicago and Sacramento have not put areview processin place
gnce they are in the cdibration-implementation phase of their models.

Use of Forecasts: In addition to long range plans, the models are used for impact assessment.
Forecasts of the modd are a'so used by city planning departments, highway and trangt planning
agencies, airport authorities, water and sewage boards, private developers and coastal zone
management entities. In Chicago, the modd might be used to settle a dispute concerning the
proposed location of anew airport.

Computer System: Mogt of the ingtdlation platforms for the models are PC-based dthough
the modd can be used under UNIX and IBM mainframe systems.

Model Selection Process: No forma modd selection process has been established. Most
MPOs have sdected the mode on the basis of its being the only available operationa model at
the time of sdection. In Atlanta, DRAM-EMPAL replaced EMPIRIC when the use of
EMPIRIC's outputs for transportation planning became an issue. Implicit gpprova of DRAM-
EMPAL by the Federd Highway Adminigtration (FHWA) and Environmental Protection
Agency (EPA) has aso been afactor in modd sdection.

I mplementation and Application Issues: Although there is need for improvement in the
DRAM-EMPAL modd, the users are satisfied with the model; except for one MPO which is
actively looking for areplacement. It is the consensus opinion that instead of Sarting anew
mode atogether, efforts should be made by the author of the modd aswell asthe user
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community to enhance the modd system. Those MPOs who are satisfied with the model
attribute their success not only to the modd system but aso to their own efforts, especidly in
providing a sound employment location database.

3. DESRED CHARACTERISTICSOF THE LAND UsE M oODEL FOR DVRPC

Nearly dl of the modds discussed in this report are flexible in their data requirements and in the
arrangements which can be made for their use. Reports on the models from numerous sources
(Echenique, Wegener, ISGLUTI, and in the interviews of this report) show awide variation in
use even among presumably identical modds like DRAM-EMPAL.

Agency resources and preferences are more determinative of their modds than are the modds
themsdves. There are numerous decisions, many of them based on trade-offs, which any
agency must consder. A good approach would be for an agency to define a tentative set of its
requirements, and request suppliersto provide an estimate of the monetary, staff, and data costs
of meeting these requirements. The suppliers should also be asked to describe the operating
characterigtics which result from these requirements and their interactions. The following isa
partid ligt of the requirements and some of their implications:

e Turnaound time for modd gpplications

. Machine type and capacity

*  Number of zonesfor land use and trangportation modeling —
¢ Lagenumbers of zones greatly increase running time
¢  Disparate numbers may cdl for hard conversons

. Badsfor zone definitions—
¢ Disparate bases make for very difficult conversions
¢ Non-census bases make data preparation very difficult

. Disaggregate employment anaysis depends on loca sources—

¢ Generdly dissggregation is desirable, but islimited by cogts, availability, and
running time. Too little disaggregation will undermine accuracy and policy
relevance.

Data transfer between models

Comparisons between models may be possible based on the agency’ s list of desired features,
and supplier estimates of cost and running times. However, an actua compstitive test would be
preferred.

Using the above congderations, it is essentid that the DVRPC modd benefits from the
experiences of other MPOs with existing operationd land use models. It dso essentid that
DV RPC benefits from exigting users of the model in data preparation, types of possible gppli-
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cations and desired gpplications. At the sametime, improvement to the mode system should
be possible as more advanced component modules become available.

We propose a two-step selection and implementation phase: short-term and long-term.

Given that the DRAM-EMPAL is the modd gpplied most oftenin U.S. and MEPLAN isthe
most used modd abroad, we recommend that limited versions of both models be acquired for
testing of prototype use, policy analysis and impact assessments. A third model, METROSIM,
which isanewer model with a micro-economic basis should aso be tested as representative of
economicaly based modds which are not yet gpplied. After limited-versons of these three
moddls are acquired, a battery of tests should be made to enable the objective selection of a
model for the short-term needs of the DVRPC based on ease of use, response to policy
concerns and fulfillment of immediate needs.

The availability and cogt of limited verson modd s will be assembled by URS. Policiesto be
tested and the preparation of data for such analyses will be prepared by DVRPC. With anew
scope of services from DVRPC, URS would conduct the tests. Matching funds financing might
be available from FHWA.

For long-term needs, the modd system should be modular to alow the insertion of better
component modules as they become available. We recommend that DV RPC work with the
author of the sdlected model in the development of new routines and enhancements for mid-
term and long-term needs.

DVRPC should dso have the capability of using staff resources or independent model builders
to enhance its models for long term needs.

4. DRAM-EMPAL DATA AND COST REQUIREMENTS
4.1 DRAM-EMPAL Data Requirements

To fulfill our contractud requirements with DVRPC, we defined the DRAM-EMPAL data
needs and estimated the cost of itsimplementation at DVRPC. The DRAM-EMPAL isthe
modd gpplied most frequently by U.S. MPOs as of thiswriting. It isfully operationd andisa
less datarintensive mode when compared to the other two models. The experience of other
MPOs with modd calibration and policy tests can be utilized by DVRPC. However, since
DRAM-EMPAL does not use specific economic variables in a sysematic form in its market-
clearing mechanism, its forecasts can be questioned by "pure’ theorists. With these con-
Sderdaions, data requirements and cost estimates for implementation, policy andysis and
implementation of the model is summarized below. A datarequirement and software licence
cost estimate was prepared in consultation with Dr. Putman. Independent consultant costs and
the equivalent of cost of DVRPC staff time were prepared by URS and updated by DVRPC.
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These data items are desired at the Traffic Andysis Zone (TAZ) level. The avallability of such
data at Regiond Andyss Zone (RAZ) isrequired.

1

Dr. Putman recommends using eight categories of employment corresponding roughly to
the two-digit SIC system. The data should be complete for each RAZ. A range of 300-
400 RAZ is gppropriate for the DVRPC land use mode. The 352 Minor Civil Division
(MCD) seems appropriate but Philadel phia as one MCD needs to be disaggregated. In
addition, al large MCD’ s should be divided into smaler MCD’s. Thefina zone sysem
will be dedt with in the implementation phase.

Congtruction

Manufacturing

Trangportation, Communications, and Public Utilities
Wholesale Trade

Retail Trade

Finance, Insurance, and Red Edtate (Fire)

Sarvice (dso including agriculture, forestry, and mining)
Government (public administration)

= N A =

Household type: Four to eight household groups should be consdered. Thefind
selection will be specified in the implementation phase after conducting some preliminary
datistica tests of household data. The data should be per RAZ. We might start with:

Low-income
Low-middle income
Middle-income

Hi- middle-income
Highrincome

Cap o

Land use data per RAZ:

Resdentid land

Commercid land

Indugtrid land

Vacant, buildable land

Totd land

Percentage of sngle and multi-family structures for possible DRAM-EMPAL
enhancement

o Qa0 oe

Impedance matrix in the form of TAZ zone-to-zone highway trave time, or a composite
matrix of highway and trangt time. This matrix will come from atransportation mode!.
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Any trangportation package capable of creating zone-to-zone impedance in a standard
ASCII form can be used with DRAM-EMPAL. Direct interface with TRANPLAN and
EMME/2 is being developed and will be tested soon. Thisinterface directly reads
TRANPLAN and EMME/2 impedance matrices. Aggregation/disaggregation meth-
odology will be decided by DVRPC, Dr. Putman and the independent consultant in the
implementation phase.

The above data should be prepared for two time periods: 1990 and 1995. Year 1990 will be
used for calibration and year 1995 for vaidation of the model.

Control totals should be prepared for year 2020 with five-year intervals from 1995 throughout
the forecast period.

These control totals are;

a.  Totd projected households

b. Employment totas for each eight categories
c. Employment to household ratio.

This data can be projected based on the use of Public Use Microdata Sample (PUMS). This
methodology was developed by Dr. Putman and will be used in the implementation phase.

4.2 Estimated Cost of the DRAM-EMPAL Model Implementation

1. Licensefee with one year implementation support, including data preparation, preliminary
cdibration and model wak-throughs, the license feeis $50,000. Thetime frameis usudly
one year to eighteen months. After thisimplementation phase an additiona 90 days of
telephone support will be provided.

e Licensefee cost: $50,000

2. A successful implementation requires that one senior modeler and one junior saff be
involved throughout. This staff can be from the data services department and should have
familiarity with available data. The assumed DVRPC gaff costs are $60,000 + $35,000
= $95,000 plus fringe benefits. Assuming a 2.5 multiplier, the equivaent cost becomes
$237,500.

+  DVRPC #aff equivaent time = $95,000 x 2.5 = $237,500

3. Independent consultant (URS) to oversee the process (1/4 of an expert’stime):
e $80,000" 0.25" 2.50=$50,000

4.  Contingency programming cost: $10,000
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4.3 Policy Analysis and Maintenance of the DRAM-EMPAL Model:

1. During the policy analyss phase and for maintenance of the modd, 0.5 person-year of a
senior modeler isneeded. An additiond 0.25 person-year of a senior modeler is required
for dissemination and review of mode outputs. An additiona haf ajunior Saff personis
required for policy testing.

e« DVRPC0.75 Senior modeler x $60,000 x 2.5 = $112,500
*  DVRPC 0.5 Junior staff x $35,000 x 2.5 = $43,750

2. Independent consultant (URS) to oversee the process, 1/8 year person expert:
e $80,000" 1/8"° 2.5=$25,000

3. Yealy maintenance cost: To recelve additiona telephone support, DVRPC should have a
Site maintenance agreement with Dr. Putman. The current maintenance cost is $5,000 per
yedr.

e Yealy software model maintenance cost: $5,000.

4.4 DRAM-EMPAL Modd Cost Summary
Implementation:
License fee $50,000
DVRPC gtaff equivalent cost: $237,500
Independent consultant; $50,000
Sub-total = $337,500
Policy andysis and maintenance phase per year:
DVRPC staff equivaent cost: $112,500 + $43,750 = $156,250
Independent Consultant cost: $25,000
Contingency programming cost: $10,000
Y early modd software maintenance cost: $5,000
Sub-total: $196,250
Totd cost: Implementation + one year of policy-maintenance cost =
$337,500 + $196,250 = $533,750 or about $600,000

The breakdown of the cost is about $460,000 for DVRPC gaff equivaent time and $140,000
for software licence, yearly maintenance and independent consultant cost.
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APPENDIX A. TELEPHONE INTERVIEWSWITH M POs Using DRAM-EM PAL

MPO Land Use Model Telephone I nterview

M PO: Atlanta Regiond Commisson (Atlanta)

Date: January 25, 1995

Person Interviewed: Mr. Bart Lewis, Chief Socioeconomic Andysis Divison,
(404) 364-2540

Additional Contact: Dick Courkney

Agency Phone Number: (404) 364-2500

Land Use M odel: DRAM-EMPAL

Calibration and Forecast years: 1985 and 1990 with 1985 being used as lagged year for
1990 DRAM cdibration. They used lag varigblesin order to capture the dynamics of high
activity growth areas. The forecast year is 2020 with 5-year intervas sarting from 1990.

Zone System: 417 Census tract zones for a 10-county model. It is being expanded to a 13-
county model with up to 500 zones.

Transportation Mode: TRANPLAN, seven-county model with about 960 zones. The MPO
is aso expanding the transportation model to cover a 10- to 13-county system.

Households: Used censusintervals of less than $20,000, $20,001-$40,000, $40,001-
$60,000, $60,001 and more.

Employment Categories: Eight categories, the maximum that DRAM-EMPAL is currently
capable of handling. These were based on the two-digit SIC system.
1. Condruction
Manufacturing
Trangportation, Communications, and Public utilities (TCP)
Wholesale trade
Retail trade,
Finance, Insurance, and Red Edtate (FIRE)
Sarvices (dso included agriculture, forestry, and mining)
Government (public adminigtration).

NN OrWDN

Control Numbers: They used the Interactive Population-Economic forecast System (IPES)
which was created in San Diego about twenty years ago with a consultant's help. 1t is a cohort
aurviva populaion modd with ample econometric components to estimate migration of the
work force. The regiona forecast is based on Bureau of Economic Andysis (BEA) numbers
for mgor employment sites. Employment insurance data, ES202, created at state and county
levelsisthen broken down to the census tract leve.
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Land use data are provided by aerid photography and digita land cover files. The MPO has
updated the digitd file every five years with the help of loca planning staffs. Land ownership
records have helped in designating land to be devel opable or to be considered vacant land for
future years. Land belonging to aredigious body or to aloca government was rated to be kept
vacant rather than to be developed. The data are kept in the GIS system using ARC-INFO.
SPSSis used for regression anadysis and Excel as agenera tool for calculations.

Review Process. Previoudy areview process was performed, but getting a consensus on five-
year interva forecasts of population and employment was difficult. Now thefind forecast is
shared with participating agencies with outsde modd adjustments for some developments which
might have aless-likely chance of being done. In these adjustments, the MPO differentiates
between trend andlysis and policy forecasting which is more judgmenta.

Use of Forecasts: The commission’s projections are used by various agencies such as rapid
trangit, water and sewage departments and city planning departments. Data are in published
form, in an dectronic datafile and currently on CD-ROM. These forecasts were updated every
10 years. With EPA and ISTEA requirements still un-announced, the MPO might update deta
more frequently.

Computer System and Software: MVSVAX system for transportation model but PC-based
system for DRAM-EMPAL.

Selection Process: They used EMPIRIC in the 1980s. In the 1990s they found that with their
expanded transportation requirements, EMPIRIC cannot produce the desired outputs.
DRAM-EMPAL was selected because it was the only mode with more than one application
ste with which the agency could share experiences. FHWA approva of the DRAM-EMPAL
model was aso a deciding point for this selection. Knowing the author of the modd persondly
was a0 an added factor in sdlecting DRAM-EMPAL.

Implementation and Application I ssues: The MPO does not favor the way the population to
household conversion is now being done. The MPO would like to be able to differentiate
between those househol ds seeking alow density development and these households which are
likely to sdlect ahigh dengty development on the basis of their income level. The MPO
cautioned that if residentia land consumption is kept at the same ratio asin the base yeer, there
might be no more land to be dlocated in particular zones.

If DVRPC uses the ES202 data source for employment location, caution should be taken
because the possibility exists for mis-alocations for some zones. Data can be improved through
secondary sources such as telephone book searches, newspaper articles and site visitsto work
places.
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The MPO is happy with DRAM-EMPAL because the output reflects good employment data
provided to the mode. It has taken more than two years of research to provide employment
location on asmall-areabasis, i.e., censustracts. Dr. Putman has been concerned that data at
that level of detail might be too homogeneous to show much variation. However, they found
that the mode produces useful results using such data aong with a composite impedance of
trangt and auto travel time.

MPO Land Use Model Telephone I nterview

M PO: Northeast Illinois Planning Commission (Chicago)
Date: January 31, 1996

Per son I nterviewed: Max Dieber

Agency Phone Number: (312) 454-0400

Land Use Model: DRAM-EMPAL

Calibration and Forecast Years: Cdlibration years were 1985 and 1990. MPO has also
cdibrated the model using 1980-1985 data with 1990 used asthe vaidation year. The forecast
years were 1995-2020 with five year intervals.

The trangportation model was created by the Chicago Area Transportation Study (CATS).

Zone System: 317 regiond analysis zones in asix-county model. Each RAZ isabout 12
square miles. The modd areaisthen split into 15,000 zones.

Transportation Mode: David E. Boyce s sketch planning mode of combined transport and
location. Theregiond dlocation sub-modd is 1,600 zones while the trangportation modd uses
a 15,000 zone system.

Households: Eight household income octave

Employment Categories. Sx employment categories.
1. Manufacturing
Retall
Finance, Insurance, Red Edtate
Wholesde trade plus Trangportation, Communication and Public Utilities
Government Indtitutions
Other categories, mostly construction

oukwd

Control Numbers: Through the development of an input-output modd by the University of
Illinois and Federd Reserve Bank of Chicago, they have formed a Regiond Economic
Application Laboratory. It uses cohort analyss to estimate the needed migration to fulfill the
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employment need specified by the input-output model. The laboratory uses age-specific ranges
for labor participation rates.

A 1990 land use inventory was based on aeria photos. It used 46 categories of land use
types. Siteswere sampled to confirm land use types recognized from the agrid photos. The
MPO has used ES202 employment data sets supplemented with site work.

Review Process. Not implemented yet but it will be on the basis of aconsensus building
approach.

Use of Forecasts: The MPO intends to use the modd asatool for impact assessment rather
than just as aforecagting tool. The modd might play arolein assessment of the new proposed
arport for the Chicago area whose location and approva are being disputed.

Computer System and Software: DRAM-EMPAL isrun on aPPC system. The Boyce com-
bined modd isingaled on a UNIX workstation.

Selection Process. Sdection was based on wide use of the modd by others. The consensus
among the user group community was to teke the DRAM-EMPAL mode and improve it over
time rather than replace it with anew modd.

Implementation and Application Issues: Any modd, in the context of trangportation, needs
to be brought in, played with and be seen as atool for forecasting. Having feedback between
transportation and land use has become very important especidly in the non-attainment aress.

MPO Land Use Model Telephone I nterview

M PO: North Central Texas Council of Governments (Dallas)

Date: January 24, 1996

Person Interviewed: Lyssa Genkens, Manager of Research, (817) 695-9154
Additional Contact Ken Sevenka, Head of the Modeling Group

Agency Phone Number: 1-817-640-3300; 1-800-272-3921

Land Use M odel: DRAM-EMPAL

Calibration and Forecast years: Cdibration was performed for 1989 by agency staff.
Another calibration on the basis of the 1990 Census was made with the help of Dr. Putman in
1994. The MPO intends to perform another calibration for 1997.

Forecast periods were 1995-2010 for the 1989 calibration and 1995-2020 for the 1994 and
proposed 1997 cdlibrations.
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Zone System: 191 didtricts based on census tracts for the nine-county region. An 8,000-zone
(TAZ) cdled split-TAZ was used in the trangportation modd!.

Trangportation Mode: Customized: North-Centrd Texas Modd. The MPO aso used
TRANPLAN routines for additiond anayss.

The configuration between the land use and transportation models is sequentia, meaning outputs
from DRAM-EMPAL are passed to the transportation model, and vice-versa, manudly. The
MPO has plans for alinked modd with the 1997 cdlibration. One reason for this manual
linkage is that when the MPO used congested times from 8,000 zones for DRAM, the
digtribution did not change. Now the MPO wants to expand an 191 zone system to 800 zones
to see whether amacro level of detail helps the digtribution of activities usng congested travel
time.

Households: Four quartiles. The MPO used a 1994 estimate based on 1990 census data.

Employment Categories: Five employment categories.
1.  Mining-Manufacturing (less than SIC 40 except for construction and agriculture)
2. Wholesde trade, transportation, construction (SIC 40-51)
3. Reail-trade (SIC 52-59)
4. Service (SIC 60-89) except for education
3. Government (SIC 90) and education

The MPO has surveyed employment data for firms with more than 400 employees (100%
sample). Commercia development is monitored for projects larger than 100,000 square feet.
In sparsaly-devel oped counties, the monitoring is done for development above a 50,000
square foot threshold.

The base year land use datais from aeria photography with an accuracy level of + 5 acres.

The MPO uses a supply modd to alocate new activities to vacant lands.  Land consumption
ratios such as 400 square feet per employee downtown and 1,500 square feet per employeein
the suburbs are used for commercid development.

Control Numbers: Uses the Texas State Comptroller’ s estimates for household, population,
and income by sector. Thisis based on WEFA-DRI type estimates for major economic
sectors.  Bureau of Economic Andyss (BEA) proprietary data are used to adjust the
Comptroller's estimates.

Review Process. DRAM-EMPAL projections are subjected to areview process. Output is
sent to 50 cities, covering 85% of the area, for local review. A Demographic Research Task
Force with 20 members (mostly planning directors and assistant planning directors) then usesa
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Dephi technique, followed by K-factor adjustments. In the last forecast, only one city
chalenged the forecast which was reviewed by the task force. The chalenge was rejected
because the modified Delphi technique is a zero-sum game.

Use of Forecasts: Accepted forecasts are used for rapid trangit planning, water planning and
impact andys's assessment and by the airport authority.

Computer System and Software: SASis used for the supply model. ARC-INFO is used for
maintaining land use data but MAPINFO is aso used for its ease in creating maps. The system
isa SUN workstation under a UNIX operating system.

Selection Process: Although unclesr, it isvery likdly that the model sdected was chosen
because it was the only operationd modd available at the time of sdection.

Implementation and Application Issues: The most important task islocd review of
forecasts and their acceptance by member agencies. The MPO does not rely solely on
DRAM-EMPAL or any other modd outputs. Outputs are used as a plain view and augmented
with locd planners expertise and judgements.

MPO Land Use Model Telephone I nterview

M PO: Houston - Galveston Area Council of Governments (Houston)

Date: January 26, 1996

Per son I nterviewed: Max Samfield, Director of Data Services, (713) 627-3200
Additional Contact: Mari Lee Martin, Land Use Moded Specidist, (713) 993-4529
Land Use M odel: DRAM-EMPAL

Calibration and Forecast Years: Usaed 1985-1990 for calibration. 1995 through 2020 is the
forecast period

Zone System: Eight-county region with 199 regiond andys's zones.

Trangportation Mode: Texas Large Package, a UTPS-type modd package. The MPO isin
the process of converting to an EMME/2 mode system with approximately 2,600 TAZ.

The MPO faced a disaggregation problem between transportation and land use models. The
mode systemisnot linked. 1t isbeing used in a sequentid mode.

Households: Five household quintals.
Employment Categories. Six categories

1. Office
2. Education
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Retal
Industrid
Indtitutiond
Medica

o0 kw

Control Numbers: Has used an econometrics modd to estimate employment levels. Thisis
linked to a cohort-survival population mode for estimating needed migration for the work force.

Texas DOT provides land use data for seven counties of the eight-county moddl. The MPO
als0 uses secondary sources like assessor's records and remote sensing. Work is performed to
reconcile differences in definitions among these data sources and problematic land use data are
checked in the field.

Review Process: The agency has set up a Data Services Committee which has twenty-one
members from public and private agencies including highway, transit, and county engineers.
They have ademographer on the committee who could perform technica reviews. The
committee has worked very well. Thiswasthefirg long range plan for along time.

The Trangportation Policy Council did not like the forecast, especidly inthe CBD areas. After
aseries of meetings, it was concluded that these are long range forecasts which the
Trangportation Policy Council might use for scenario andyss.

Use of Forecasts: Economists, Water development board, Highway planning, Transit
planning, Private developers, Utility companies and Coastal zone management agencies are
users of the forecadts.

Computer System and Software: PC 486/66 is used for DRAM-EMPAL.
Mainframe from Texas A&M but converting to HP 700 workstation which is the machine of
choice anong MPOs. EMME/2 is used for transportation planning.

Selection Process. Data Services Department inherited the DRAM-EMPAL moded from
Texas DOT fiveyearsago. After initid work, there were some problems with the forecasts
which the author of the model attributed to data. The MPO makes adjustments to the modd’s
output outside of the model because access to the source code of the modd is no longer
avalable. The MPO isactively looking for areplacement for its DRAM-EMPAL package.

The most needed feature of a replacement for the current DRAM-EMPAL verson would be an
aggregation-disaggregation routine to make it easy to transfer data between land use and
trangportation models.
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Implementation and Application Issues: In sdecting any modd system, importance should
be put on the relationships with the author or consultant for the model. As mentioned earlier,
thisMPO is actively looking for a replacement for DRAM-EMPAL.

MPO Land Use Model Telephone I nterview

MPO: Sacramento Area Council of Governments (Sacramento)

Date: January 31, 1996

Per son I nter viewed: Gordon Garry, Transportation Analysis Manager, (213) 236-1800
Agency Number: (213) 236-1800

Land Use Model: DRAM-EMPAL (the MPO isin the evauation -ingtalation phase).

Calibration and Forecast Years: 1985-1990 for calibration. Forecast years not decided yet.
The agency did arecdibration for 1995 through reworking of the modd parameters.

Zone System: The study areais Sacramento metropolitan area, afour county modd with 127
regiond andyds zones.

Trangportation model: MINUTP-based modd with 1977 zones. The MPO has not decided
on the configuration for the modd linkages. It is now asequentid linkage.

Households: Fiveincome categories.
1.  $0-$10,000 (considered as poverty line for auto ownership purposes)
2. $10,001-$20,000
3. $20,001-$35,000
4.  $35,001-$50,000
5. $50,001 and more

Employment Categories. Sx employment categories:
1. Rdal

Office

Manufacturing

Medica

Educetiond

Other

PO MLOD

Control Numbers: Exigting forecasts of locad governments especidly their planning depart-
ments. The MPO has its own inventory of employment using published reports and monitoring
employment changes. Fied checks of significant employment changes are made. The MPO
performs telephone and windshield surveys.
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Review Process. No formd paradigm is used to create control totals. Consensus among
agencies about control numbersis achieved by discussion.

Use of Forecasts: Not yet available for use.

Computer System and Software: PC for both DRAM-EMPAL and MINUTP

Selection Process: Not aforma sdection process. DRAM-EMPAL was the natura choice
sgnceit hastheimplicit gpprova of FHWA and EPA and isthe only operationa model
avaladle.

I mplementation and Application Issues: The MPO finds that the advice of Dr. Putman,
author of DRAM-EMPAL, has been right dl adong. The key question is whether the MPO has
good data, especially employment data. 1t has taken more than one year to disaggregate data
from two categories of “retail and other” to the Sx categories mentioned above. This has been
amuch longer process than they had anticipated. The MPO used between 3 and 4 intern-years
and between 1 and 2 person years of professiond staff time to prepare a sound database for
modd use,

APPENDIX B. LAND USE M ODELSIN TRANSPORTATION PLANNING
A RevieEw oF PAST DEVELOPMENTSAND CURRENT BEST PrRACTICE

Britton Harris
January 1996

INTRODUCTION

The problem of modeing land uses in conjunction with trangportation is both old and new: the
problem itsdlf is old, but the means for deding with it are in congtant evolution and are only now
coming within reach for many Metropolitan Planning Organizations (MPOs). Under these
circumstances, trangport planners who are considering the adoption of land use models need a
perspective on these models, on their potentias, and on some of their problems. This paper
tries to provide such a perspective, and the effort is facilitated by tracing very briefly the history
of developmentsin the field of metropolitan land use modding. This gpproach means that the
style and content of this document is somewheat at variance with conventional wisdom in
consultancies.

While we start with somewhat generd and perhaps abstract considerations, the patient reader
will rapidly discover that we move ahead to some very practical and relevant conclusions about
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the process of adopting and using models. These ideas are related to and supportive of the
conclusions of the main report, but do not presume to anticipate or preempt those findings.

This note reviews the following topics, each in an independent section:

The Problem of Land use Projectionsin Transportation Planning

The Development of Economicaly Based Market Modds

The Development of Gravity and Discrete Choice Models

The Development of Integrated Models

Current and Potential Best Practice in Land use Modding for Trangportation
Panning

Recommendations of the Conference on Land use Modd's convened by the
Transportation Models Improvement Program

7. Condusons and Recommendations

SARE I A o

©

1. THE PROBLEM

Land use and transportation are mutually interconnected (Mitchell and Rapkin, 1952). The use
of the term "land use" is based on the fact that through development, urban space
accommodates a great variety of human activities. Land is a convenient measure of space, and
land use provides a spatid accounting framework for urban development and activities. The
location of activities and their need for interaction cregates the demand for trangportation, while
the provision of trangport facilities influences the location itsdf. Land uses, by virtue of their
occupancy, are taken to generate interaction needs (trip generation), and these needs are
directed to specific targets by specific trangportation facilities (trip distribution and moda plit).
The use of the transportation system creates congestion, which leads to user adjustments
(recognized in a cagpacity congtrained assgnment).

In practice, most transportation studies have projected a fixed pattern of location and have
caculated the demand for trangportation services on the basis of this pattern. The Chicago
Area Transportation Study, for example, had an elaborate trend projection of the location of
future population and employment which was used throughout the study for various networks.
(See Hamburg and Creighton, 1959.)

During the last two decades there has been a growing redlization that land use changes cannot
be projected in thisway because they are influenced by the provision of facilities, and by the
anticipation of this provison. When locators choose to take advantage of new facilities, they
generate demands which were not foreseen if the facilities failed to influence the projections. As
aresult, new facilities are often overloaded from their inception. Examples include the Shirley
Highway in Washington D.C. and the London Orbital highway in England. In recent yearsthis
Stuation has been exacerbated by the response of locdities to the clean air requirements of the
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Federd Government (ISTEA), which include various measures of traffic control and transport
demand restraints. These measures will influence not only user behavior in the transport system,
but aso the future location of land users and thus of demand.

Thereis thus a feedback loop in which transport provisions and demand influence each other,
and these feedbacks are sufficiently strong that they cannot be ignored. For this reason,
transport planning agencies, as wel as Metropolitan Planning Organizations, must take
cognizance of this problem and study the best waysto ded with it. Thisintention requires an
understanding of the nature of land use models in addition to the areaedy well-developed
understanding of trangportation models.

We note, however, that even transport models are currently under review and revision, to adapt
them to the current policy needs of trangportation investment and management, under strong
pressures for economy and for environmenta protection. We assume in this discusson that the
benefits of improved trangportation modding, moving in the direction of micro-amulation, will
not be as great as they should be without the support of adequately detailed land use
projections, and without taking into account the impact of planned transport changes on land
use devel opment.

2. EconomicALLY-BASED LAND USE M ARKET M ODELS

We dart this examination of modes with modes of resdentia location, which dominated
thinking about modds in two very different syles, and is sill overwhemingly important.
Residentia land uses occupy about two-thirds of al urban land, just as home-based trips
account for alarge proportion of al vehicular and trangt trips. In addition, the satisfaction of
people with their home locations and with their connections with the rest of the urban
environment are decisive components of both their budgets and their perceived well-being.
Mesting their expectationsin this regard is thus a mgor component of public policy asto
housing markets, job location, and transportation.

Modern research on housing choice, with an emphasis on the location of housing in addition to
its other characterigtics, began with the publication of books by Wingo (1961) and Alonso
(1964). In principleif not in detail these two works are virtudly identica. They explain how, in
acity with dmogt dl employment in a Sngle center (amono-centric city), peoplein different
income classes compete for residentia land, and locate in concentric rings at densitieswhich
decline in relation to distance from the center. In the resdentia land market, households trade
off added travel for added space and amenity.

This modd was elaborated in alinear programming format by Herbert and Stevens (1960), and
later further developed first by Harris (1963) and then by Whesaton (1974). These three
trestments al moved dightly away from the assumption of monocentricity, and al brought out
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clearly the underlying assumption of optimality in amarket-clearing modd. Inthislinear
programming format, no one could be made better off without making someone € se worse off--
just as postulated by Wingo and Alonso. Later work by a number of authors culminating in
Mills (1972) extended these efforts, but without weakening the assumption of a monocentric
cty. Finaly, amgor effort by the NBER (see Ingram et d.,1972) produced alinear
programming modd of household residentia choice which overcame severd previous
difficulties. Thismode took account of the attraction of numerous large employment centers;
for thefird time in any mgor study it andyzed households residentid preferencesin detail; and
it began to take account of housing conversion and redevelopment, athough these had
previoudy been sudied in relative isolation.

All of these economicaly based optimizing market-clearing modds (with the partiad exception of
the NBER modd) suffered from one serious difficulty, which the economics community did not
recognize or remedy until much later. In these models, al members of any one socioeconomic
class behaved identically. Among other things, this meant that adjacent communities would tend
to be identica in their socioeconomic compositions. While there is some truth in this conclusion,
trangport planners know from their experience with trip distribution that smilar households do
indeed behave differently. Other modeling trends did not neglect this aspect of behavior.

3. GRAVITY AND DiIscreTE CHOICE M ODELS

Wil before the publication of the Wingo-Alonso models of resdential choice, geographers and
transportation planners had come to grips with a behaviora problem which was not yet
recognized in resdentiad location. It waswell known that a population of trip-makersin asngle
area of origin would digtribute their trips to various areas of degtination, in proportion to the
number of opportunities, but with decreasing probability at increasing distances. This behavior
was plausible from a common-sense point of view, but lacked any clear economic explanation.
For many yearsit was replicated by practitionersin an ad hoc fashion by the well-known
"gravity modd". This modd provided avery good basis for prediction, but lacked any
theoretical bass. Plausible explanations were offered by Stouffer (intervening opportunities,
1940), Wilson (maximum entropy, 1970), and McFadden (discrete choice, 1973). None of
these or other explanations provided a genuine behaviora bass for the gravity modd, and only
McFadden's gpproach was sufficiently mathematicaly detailed to be accepted by economigts.

Thistheoretica confusion did not prevent the successful gpplication of the gravity mode to trip
distribution, and subsequently to residentia location in the very important Lowry Modd (1964).

Lowry's modd was aso important for other reasons, which will gppear in the next section of
this report, but he was clearly the firgt to gpply the gravity model to residentid location.

Lowry supposed that most of the manufacturing activity in Fittsburgh was "basic industry”,
which had specidized site requirements and external markets, and was located independently of
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the resdent population--that is, exogenoudy to the operation of hismodd. He assumed that
retail trade and services were located in relation to resdential demand, and that residences were
located in relation to combined retail and basic employment. Hypothetically, workers started
their trips to home from work, and distributed themselves a available resdentia sites according
to a gravity model, which atenuated their trips over increasing distance. This vitally important
feature of the Lowry modd continues to dominate models of resdentid locetion in virtudly al
practica applications.

The Lowry Modd had an appeding redlism which caused it to be widely adopted, especidly in
British "structure planning”, which combined gtrategic land use and tranportation planning.
Other gpplications were widespread, and are summarized in Goldner, "The Lowry Modd
Heritage' (1971). The many practitioners who applied this mode overcame many of itsinitia
shortcomings. Airline distances were replaced by actud transport times and cogs. The
attraction of land for those seeking residences was replaced by the attraction of diverse
neighborhoods and housing types. At alater stage (see next section), industria growth was
made at least partialy endogenous, and the form of the retall trade mode |ocation was
improved. With these improvements, the Lowry Model became a serviceable means of
predicting land uses, but there remained one difficulty which was not successfully overcome.

Wilson's work on gravity models had pointed out that there were essentidly three forma types-
-uncongtrained, Sngly constrained, and doubly congtrained. Trip distributions are doubly
constrained, so that trips and opportunities are balanced at zones of departure and arrival. It
can be shown, dthough it is not widdy recognized, that the "baancing factors' in this model
have an economic sgnificance with regard to locationa advantage which is andogous to the
dud variablesin linear programming, and which in the NBER modd have smilar meanings. The
origina Lowry model and mogt of its successors were, however, Sngly condrained: thetrips
originating a the place of employment were exactly distributed, but the arrivas at residential
destinations were uncontrolled, and excess arrivals which could not be accommodated with
available land were arbitrarily redistributed. Even when this modd was doubly congtrained, the
economic significance of the congraints was not adequately recognized.

This difficulty began to be overcomein the early 1970s. Echenique (for areview of hiswork
see thejournd Planning and Design, 1994), working with the larger model systems discussed in
the next section, recognized the need for condraints in the Lowry Mode which he had been
using, and made the key innovation of using land or housing rents as the condraint. It now
seems obvious that well-located or well-designed residentia precincts, which attract unusud
numbers of residents, can charge higher prices or rents, and that it is precisaly these user costs
which prevent the areas from actualy becoming overcrowded. Thisis exactly the way in which
market-clearing models operate, but in this case the idea of rents was applied in amodd which
did not have uniform economic behavior, but rather the dispersed behavior of the gravity modd.
At about the same time, coming from the Wingo-Alonso-Mills school of economic moddis,
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Anas (1975, 1987) introduced discrete choice behavior into mode s with economically specified
behavior and market clearing.

These gpproaches, from opposite schools of resdential modding, effectively unified ideas of
market clearing and dispersed behavior to provide for redistic modding of the resdentia land
and housing market.

Similar modding of retail trade and service location (for example, Harris and Wilson, 1979),
and industrid location have begun to solve somewhat less difficult problems. These activities
taken together lay the bass for large-scale unified modes of metropolitan growth and function.

4. INTEGRATED URBAN M ODELS
Large-scae urban models may be considered to be integrated in more than one sense.

Trangportation demand models are integrated in that they consider amogt dl intra-urban
trangport modes and facilities as a unified system, in which different modes serve the same
purposes, and different purposes use the same modes or facilities. (Rail and waterborne freight
are usually omitted, as are most non-motorized trips except walking to work.) Unlike some
land use provisions, the supply of transport services is not endogenous (internaly generated) in
most aspects of trangport modeing; congestion, which affects supply, can however be
endogenous.

Land use modds are integrated when al uses of land are modeled as competing for available
gpace, and their location is jointly determined. This may be done in many ways, but such
location is usualy to some extent iterative. Different activities (service, retail, indudtrid,
resdential) may be located sequentialy and possibly by iteration, and the cycle may be
repeated--or al locations may be adjusted on esch iteration until the entire land market has
been cleared. (Thisadso implicitly clearsthe labor market and the trade and services supply
market by trip distribution and balancing.)

Land use and trangportation demand models are not usudly iterated together at every step. The
transport mode may be iterated to create redistic congestion, and this congestion may serve as
an input which influences activity location and land use. The projection of these land uses may
inturn result in anew pattern of congestion, and the process may be repeated. This essentia
integration is, as we explained at the outset, the reason why trangportation studies are now
consdering land use modds as essentid in their planning process. Thisintegration may take
place within an MPO, or through an arm's length relationship between a trangportation and a
land use planning activity. At the very least, a close working relationship between agenciesis
required.
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Putman (1971, 1983) deserves recognition as the first clearly to emphasize in publications the
importance of thisfind integration. His subsequent work has built on the Lowry mode and has
introduced recently new methods for dealing with indudtrial location. Echenique has continued
to pursue his revision of the Lowry Modd, and has for many years emphasized the importance
of transport and trangport modding in hiswork. Anas has undertaken severa modeling efforts
deding with dl of these issues from amore or lessrigoroudy economic viewpoint, with
trangportation inputs. His models of industrial location are less complete than those of
Echenique, and his trangportation modedling is not at the level of most trangportation planning
agencies. Putman has only recently begun to introduce congtraints and product differentiation in
his housng models.

This discussion has emphasized the work done by only three individuals and their associates,
snce they have played key roles in the development of thefidd. Echenique has some students
who have produced models on their own account, and Putman has a few practitioner-students
using and developing hismoddsin US agencies These three individuas and afew of their
students are the only sources for commercidly available integrated models, anywhere.

5. STATEOF THE ART

We dart this section of this review with some mention of what it isthat models of this kind will
not do for the agencies involved in trangportation planning.

They will not organize the data required for this work, athough they may provide an organizing
force which guides data collection and preparation. They will not replace skilled personnd in
transport and land use-planning, athough they may make their work easier and facilitate
reaching improved results. Most important, they will not make planning decisons, athough they
will may it eader to assess the results of such decisions before they are made permanent.

We need to examine the reasons why trangportation and land use modes do not actualy make
plans, and how this Stuation influences the planning process. Traditiona planning of both types
has refused to use mechanica means of producing plans through models, but this refusal often
rested on prejudice or even ignorance. Thereis however an underlying difficulty which may
have indirectly, and correctly, influenced these atitudes, and which requires brief attention here.

Efforts at network optimization have proved computationdly intractable in spite of numerous
efforts. Some efforts have partially succeeded in using a heuristic (or approximate) mode of
network optimization to produce effective margind improvements to networks, but have failed
to solve the larger problem of generating agood or optima network from scratch. The CATS
(1959) work on a Chicago network started from a speciaized concept of the optimal spacing of
expressways, but made very subgtantia changes and improvements to the origind plan through
exhaudtive research and staff work. Severd generdly unsuccessful efforts were made to find
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methods which would generate optimal land use plans from scratch. Limited success was
achieved with TOPAZ, which can work only for margina improvements, and suffers from other
limitations.

It is now known that these difficulties sem from the Structure of the overdl network and land
use problems, which can have multiple loca optima, on which improvement methods "hang up”,
with no possibility of further progress. This structurd difficulty has been extensvely investigated
in Computer Science under the name of NP-Completeness, and no generd solution for it has
been found. Market forces and the market clearing modd s which smulate them cannot dedl
with the externdities, economies of scale, and indivighilities which cause these hang-ups. For dl
these reasons, which are both conceptual and computationd, and which replicate the red world,
planning intervention is gill needed to settle the larger issues of system planning in ether fidd.
Models can optimize subsystems like the residentia land market or the congestion response to
network utilization, but they cannot optimize whole complex systems either in transport or in
land use, and certainly not in both together.

This situation implies that plannersin both fields have to work with strategic scenarios, which
postulate some types of mgor decisons, but can call on models to optimize subsystems and
provide details of plans and their performance. In trangportation, these scenarios contain mgjor
decisons about new facilities, demand management, traffic management, and congraints,
incentives, and disncentives. Land use decisons &t the same leve involve maor facility
locations (terminals, parks, recreationd facilities, and so on), and mgor restraints such as
zoning, or incentives such astax remisson or subsdies.

It isimportant that these scenarios be considered in sufficient variety, so asto explore the effects
of different combinations of policies. Thisistruein either fied by itself, and even more so when
transport and land use are considered to be interacting. The scenarios must dedl with the fact
that neither trangport nor land use planners can be certain aout the find decisionsin the other
field. They must dso provide sufficiently varied assumptions about the future to permit emphasis
on the need for plans to be robust in the face of uncertain future developments.

Given this planning Situation, we can identify both conceptud and practica requirements for land
use and transportation models, both separately and jointly. We take up these two types of
consderationsin that order.

Conceptudly, models must be redigtic: they must reproduce the behavior of system users and
independent developersin the redl world under varying conditions. They must accept as inputs
not only the redl influences on behavior, such as household income and the circumstances
surrounding auto ownership, but aso the policy inputs which are contemplated in both types of
planning, such as parking policies, fud prices, and various influences on land use. These inputs
will interact strongly with the capability of models to produce redlistic outcomes, and the variety
and accuracy of these outcomes has till another role. The results of modeling must provide
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acceptable detail with respect to the policy objectives of the planning. In transportation this
means that they must reflect not only cost and convenience, but dso emissons and other
environmenta impacts. In land use, the models must reflect the impact of planson
development, dendities, and user satisfaction in various land and labor markets. Both types of
plans can anticipate impacts in their own domain from the others decisons, and both are
concerned with overdl objectives like amenity, environmental impacts, equity, desegregation,
and the conservation of public and private resources.

All of these congderations lead to the possibility--even the necessity--of using increasingly dis-
aggregated modds, with very substantia detall in their operation. Such an gpproach comes into
conflict with the redlities of the planning process by increasing computetional costs and
turnaround time, by adding complexity which can lead to misunderstandings and error, and by
adding to the difficulties of securing and using adequate data. These problemsthuslead to a
condderation of the practica aspects of usng moddsin planning. Obvioudy, in sdecting
models, we will seek a compromise between perfectibility and their practicaity of use.

Thereisonly ahandful of mgor practical consderationsin mode use, of which oneis
paramoun.

Theless sdient considerations revolve around the user friendliness of the mode, the ease with
which new planning scenarios can be entered for testing, and the smplicity, relevance, and
reedability of the results. Another such congderation is the computationd equipment which is
required, and the turnaround time for experiments and plan testing.  These matters should be
tested by potential usersin the process of modd sdection. Some such informetion is available
without testing from mode vendors, but should be carefully checked.

The mogt difficult congderations in choosing models revolve around the data requirements.
Datais required on land uses, including vacant land, employment, and locator behavior--dl at a
level of zone sizes which are suitable for trangport planning. Trangport networks are an obvious
need which can be met in most transport planning offices, dthough not dways in the exact form
which might be desrable for land planning. There are severd agpects of this problem which
need brief discussion.

Many important needs for data can be met from the most current US census, but any reliance
on Census data must be carefully considered and to an extent augmented. Here are some
aspects of this problem:

»  Trangport planning area delimitation should, a some leve of aggregation, be coterminous
with Census tract boundaries; Otherwise, costly conversons will be necessary in having
the two systems interact.
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e Land useinformation as such cannot be secured from the Census. Vacant land must be
measured in every zone for purposes of determining the future potentia for expansion.
The measurement of land devoted to different purposes is necessary to determine densities
and land requirements for future development. Digtinctions should be made between
indudtria, commercid, service, retal trade, resdentia and other uses.

*  Employment data by zone is needed for many reasons. Different trip types correspond in
part with different types of employment, and employment may be the best available
indicator of different levels of certain activities such asretall trade. For some metropolitan
aress, the census has in 1990 tabulated employment by tract and by income, but thisis not
adequate for studying employment by indusiry type.

*  Methodsfor cdibrating models differ; cross-section cdibration is smpler and requires less
data. Cdibration usng multiple time periods can force a choice between the better detal
of later censuses and the availability of more than one set of observations.

*  Land use modes can berun for larger zones with less transport detail than transportation
models. This requires the preparation of aggregated or spider networks, with some
attendant difficultiesin establishing capacities. Land use models can generate trip-tables
for the journey to work and for home and work-based shopping, but for input into a
detailed transport modd, these would have to be disaggregated.

6. REPORT OF THE LAND USE M ODELING CONFERENCE

e Our recommendationsin the next section after this one are generaly in line not only with
the previous discussion, but also with the results of a conference on land use models, held
in Dallas, February 19-21, 1995, under the sponsorship of the US Department of
Trangportation and the US Environmenta Protection Agency as part of the Transportation
Mode's Improvement Program. We present these findings briefly, relate them to our
evauation of the sate of the art, and use them to examine the offerings of three providers
of modds. The overdl summary of the conference provides us with the views which were
generdly accepted by dl six working groups; these views are both genera and specific.
We have assembled and combined about forty-five recommendations, presenting themin
our own words in the following summary.

*  Thebehavioral basis of modelsisamgor target for improvement, to satisfy both the
redlism of models and the ease with which they may be interpreted and understood. This
redlism should extend to the behaviors of individuas, governments, developers, and
investors. Behaviors include land development and consumer choice. In generd, the
modds must have aclearly stated behaviora basis, grounded in good theory which is
drawn from a number of diversefieds.
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*  Desred new or improved capabilities of models should include: the smulation of
incremental processes rather than merely datic pictures, the analyss of controlled growth;
methods of analysisto test the reasonableness of forecadts; and the use of time-series for
evauation.

*  Thepolicy aspects of the models relate to their use in transportation planning, land use
planning, and environmenta protection, requiring submodesin dl three fidds. But the
policy aspects of the modds should extend in a sensitive way to other objectives, including
for example public hedth and safety, crimina judtice, and poverty. Environmenta
concerns addressed in ISTEA and other federa programs call for environmental
capabilities and for more andysis of the impacts of demand management, transit, and
public transportation.

» Datarequirementsareamajor concern and severd tentative proposals have been
presented. Employment location is by far the most important unsolved problem, and here
federa assstance may be required to solve the need for detail without violating
confidentidity. Data definitions should be clear and consgtent in any given modd and
across models, this need extends to area definitions, which should vary aslittle as possible
among modds of the environment, transportation, and land use. Means should be studied
to permit aggregation and disaggregation of data classes and the ared units which contain
them.

 Modeling demands close attention to a variety of interfaces. Theseincudethe
interfaces which facilitate the modeding of interaction between land uses, trangportation,
and the environment; interfaces with GIS and other cgpabilities which provide data and
organize the output for tabular, graphic, policy-oriented presentations; interfacesto
promote ease of use, and to facilitate understanding the modeling process by non-users,
and interfaces with remote-sensing capabilities and aids to operationad managemen.

Standardsand design featur es are coupled with many of the above recommendations.
Theseinclude:

. Move to universa use of discrete choice modds.

. Establish pilot projects and research in modeling.

e Undertake red-world testing under US conditions.

. Design modular systems for varying and testing models.

. Provide different moddsfor different problemsin various types and Sizes of cities
and suburbs.

. Provide better comparative data on different models.
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*  Usetheory to provide guidelines for testing models.
. Involve the public in the use of modes.

*  Theuseand deployment of models isamatter on which the report is dightly self-
contradictory. Severd references to reducing computationd time are somewhat in conflict
with other recommendations for disaggregation and detail. More important, perhaps, one
comment implies that models are not used as much as they should be for producing plans,
while others suggest that modds should be used mainly to analyze the impacts of various
scenarios, both in trangportation and land use, with the implication that the preparation of
the scenarios is the way to conduct planning. We are inclined to believe that these
Issues can be thoroughly addressed only when a variety of well-constructed models
isavailable and in use, initially primarily to test scenarios.

We find that these suggestions and requirements are in broad agreement with the sate of the art
at itsmogt advanced leve, but are far from fully effective in actud practice. Some of the
difficulties and shortfdls need to be listed and discussed briefly.

None of the three mgjor systems which we have discussed actualy makes plans. This capability
isfar from achievement in the present state of the art, and will probably continue to encounter
problems. Present knowledge suggests that actua planning cannot be done with models; they
can at best evduate the probable results of a plan, and draw implications for itsimprovement.
Thisis an area where the existence of sound workable models which do not plan is arequisite
for research in further extending their capabilities.

Most of the interfaces discussed above do not yet exig, largely because the various types of
planning of land use, transportation, and environmental protection have proceeded in isolation
from each other under different professond auspices. The interfaces with users are 'so
difficult; most providers find it necessary to offer (at afee) substantial user support. There are
variations. transportation engineers understand massive models more easily than do professiond
land planners. Echenique has the best-devel oped in-house models package; Putman and Anas
have so far relied on separately devel oped land use models, connected to existing transportation
models. Discrepancies and differences in data and area systems continue to present difficulties
in dmogt every goplication.

Discrete choice modds are used dmost everywhere. Some confusion may arise from
overlooking the fact that the gravity model is dso a discrete choice modd. Anass models are
based on economic theory and some observed behavior; Echenique uses aloose economic
framework including (uniquely) input-output andys's, Putman uses gravity moddls with some
consumer disaggregetion, but no clearly defined theory of behavior.

These modds are not entirely static. changes resulting from highway construction and urban
development are preserved from one period to the next. In generd, the locators are all
relocated without time-lags; thus the occupancy status has some smilarity to a static equilibrium.
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Redevelopment and conversion are not well-handled explicitly in any dynamic fashion--partly
because developer behavior is taken to be asmply conduit between demand and supply.
Overcoming al these difficultiesisamagor long-term project, asis the formulation of truly
dynamic modds which are computationdly feasble.

Various styles of disaggregation are practiced in the models which are commercidly available.
Echenique uses large residentid zones and (together with Anas) more or less disaggregated
housing stock. All three of the mgor potentia suppliers disaggregate the population, but
Putman does not use any housing stock or any modification of it over time.

Conducting analysis at different area scaes between transport and land use presents avery
difficult problem. Fine scae andydswith many zonesis extremdy computationdly intensve.
Larger zones may be used for resdentid and some indudtrid andysis, if there is disaggregation
of system users and of the land and building stock. Then aggregating populations upward for
trangport andysisis Smple, while disaggregating aress is extremely difficult, and for many cases
there is no known solution of guaranteed accuracy.

Note: There are many interesting and useful discussions of modd development which are not
listed in our references. We have, however, included two which provide avery detailed
discussion of severd very diverse models, in Webster et al. (1988, 1991). Another review of
great importance is more recent, and was prepared for the Land Use Modeling Conference
discussed here: Wegener (1995). A second paper at that conference is adso very useful: Batty
et a. (1995).

7. RECOMMENDATIONSASTO M ODEL SELECTION

One outcome of the development of two streams of modeling, from the direction of economic
andyss and from the direction of Lowry's smulation, has been a confuson of terminology.
Lowry-type modes have been modified by many people, especidly including Marcid
Echenique and Partners, so that they have many economic aspects and depend on market-
clearing and hence on the equilibrium of various markets. An economic equilibrium aso
coincides with an optimum for each market. On the other hand, models of economic
equilibrium have been modified, principaly by Anas, to embody discrete choice in a market-
clearing framework. Furthermore, many important modes carry forward from one time-period
to another the resullts of development and building in prior time periods. In acomplete
equilibrium modd, as formulated by Mills and other adherents to the school of the "New Urban
Economics', reiterating the mode under new conditions would result in a complete reshuffling of
buildings and other facilities. Thus most modes are not truly equilibrium models. At the same
time, caling them "partid equilibrium modds' is aso ingppropriate in economic parlance.
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In many cases, so-called "optimizing models' achieve an optimum alocation of locators subject
to many congraints and assumptions built into the modd and theway it isused. From the
policy point of view, the results may not be optimal because the decisons which the modd is
testing are inferior to others which might be offered. Also, most optimizing models use avery
restricted set of criteria, which may miss important eements of policy-making and require much
additiond interpretation.

This confusion is perhaps best overcome by giving up the use of old categories, and describing
each modd on a saries of important dimensons like the following:

. Discrete choice versus uniform behavior.

. Market clearing or other congtraints on behaviors.

*  Vaiableswhich influence locationd choices of actors.

. Definition of actor classes, and reasons for this.

. Representation of the stock of buildings and improvements.

. Nature of interaction among submodels. frequency, form of data transfers, degree of
integration.

These are the types of characteristics which make it possible to distinguish clearly among
models, and which together with many operationd features should guide the choices of agencies
using models.

The process of mode sdlection is somewhat troublesome and difficult, and some aspects such
as cost are deferred for discussion elsewhere, in the URS report. On the basis of the foregoing
andyss, we can make severd recommendations.

A mode should be selected which is moderately disaggregated and whose underlying concepts
are asredigtic and as economically based as possible.

Trangportation conditions and available choices asto housing, indudtria Sites, accessto
amenities and to the labor force, should enter intimately into al locationd decisonswhich are
modeled in the system.

An accurate ddlinestion of choices implies that the mode will distinguish among different types
of housing and other devel oped space, or different types of land for devel opment.

The mode should be doubly congirained, and with meaningful condraints a both origins and
destinations. Wherever possible, the equilibrium which is sought should be aform of "market
dearing".

The degree of disaggregation should cover two to four types of households, probably separated
by income level, Many types of housing (not al represented in agiven resdentia area), and at
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least three types of employment, including manufacturing, retail trade, and other services, some
of which should broken into subclasses.

Data requirements and methods of calibration should be well-specified by the vendor, with the
cooperation of the users.

Running times and equipment requirements are very important, and special consderation must
be given to trade-offs between speed and accuracy.
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This paper was funded by the U.S. Department of Transportation--Federal Transit
Administration under contract no. DC-26-9028. While the authors gratefully
acknowledge this support as well as the considerable assistance provided by the
transportation and land use planning staff cited in the paper, the authors claim sole
responsibility for errorsand omissions. Also, while every effort was made to have correct
data at the time of thiswriting, the organizations cited herein are continually updating
and improving their methods, and changes are likely to occur. Users of this document
should contact the respondents listed on pages 12 - 14 to obtain up-to-date information.

BACKGROUND AND PURPOSE

The purpose of this survey of Metropolitan Planning Organizations (MPOs) istwofold: fird, to
determine what travel surveys have been conducted recently and the availability of this data, and
second, to determine the nature and quality of existing land use data for each metropolitan area.
Travd survey statusis summarized for only the past five years, a study conducted in 1989 by
Chuck Purvis of the Metropolitan Transportation Commission’ provides asummary of travel
surveys prior to 1990.

The survey was conducted by telephone. Calsregarding travel surveys were made in October
1994 and cdlls regarding land use data were made in March 1995. Respondents were sent a
draft of the survey in June 1995 and asked to confirm and update information. The thirty-five
largest metropolitan areas in the United States were surveyed.

" Purvis, Chuck. “Survey of Travel Surveys1l.” Metropolitan Transportation Commission:
Oakland, CA, 1989.

172 Land Use Compendium



Land Use and Travel Survey Data: A Survey of the Metropolitan
Planning Organizations of the 35 Largest U.S. Metropolitan Areas

Travel survey respondents were asked what types of surveys they had recently completed as
well as which were underway or planned for the near future. Survey types include household
trip diaries, on-board trangt surveys, externa cordon surveys, and truck and goods movement
surveys. Respondents were also asked about the sample size of survey and whether the data
was publicly available.

Land use data respondents were asked whether the MPO kept a centra land use datafile, what
formit wasin (GIS, tabular, or paper), the number of categories of land use types, and the
gpatia resolution of the data. Respondents were also asked about data availability, the quality
and nature of historica land use data, and what types of land use forecasting methods they used

(if any).

A ligt of people and agencies contacted for the survey isincluded.

SURVEY RESULTS
Travel Surveys. Of the thirty-five MPOs surveyed:

* Thirty-two have conducted at least one household travel survey since 1985.

»  Twenty-eight have conducted a household survey since 1990 or are currently
conducting a survey.

» Eighteen have conducted at least two household travel surveysin the 1978-94 time
period.

* Twenty reported having conducted at least one other type of travel survey since 1985.

* For most household surveys, between 1,500 and 3,000 households were sampled.

Land Use Data. As of Spring 1995, the thirty-five MPOs reported having the following types
of land use databases:

e Twenty reported having digitized land use data on a Geographic Information System
(GIS). Thevast mgority used Arclnfo software. An additional seven MPOs are
congtructing or planning to congtruct a Gl S-based land usefile.

»  Sevenreported having land use data primarily in atabular format (acreage by type of
use), mogt often at the Traffic Analysis Zone (TAZ) levd.

» Threereported having land use dataiin a paper format only.

» Fvereported having no centrdized land use data.

Some of the above MPOs retained datain more than one format. For example, some MPOs
with a GIS dso kept datain tabular files.
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The most common method of GIS database construction was aerid photography; in some cases
this was supplemented by local review and/or ground observation. Most GISland use
databases have been constructed in the past five years and are based on 1990 data. Some
areas have congtructed paper, tabular, or GIS databases from property tax records. Finaly,
some areas have geocoded |and use data based on pre-existing map data.

The leve of resolution for GIS systems varies greetly, from 1/4 acre to 10 acres (most systems
fdl intherange of 2 to 4 acres). The number of categories of land use dso varies greatly for
both GIS and non-GI S systems, from four or five to over 100.

Land Use Forecasting. Respondents were not queried in gregt detail about their land use
forecagting methods. Nevertheless, some genera conclusions can be drawn:

* Eleven reported usng DRAM/EMPAL (Disaggregate Residentid Allocation
Model/Employment Allocation Mode) or a variant, often in conjunction with less forma
methods, such asloca review.

» Tweve reported using some other type of modd, usudly developed in-house. These
were usudly based on some combination of regiona demographic and employment
forecadts, dlocated to azond level, in conjunction with locd land use plans.

* Nine reported basing land use projections primarily on informa assessments of
development trends and loca conditions.

» Threereported doing no land use forecasting dthough one of these was in the process
of developing amodd.

Overdl, the quantity and qudity of land use and travel survey data held by Metropolitan
Planning Organizations seems to have increased substantially since 1990. The recent emphasis
of the policy environment on coordinated trangportation planning seemsto haveled to a
resurgence of data collection efforts. Also, the recent development of Geographic Information
Systems has dlowed the widespread development of land use databases.

M ETROPOLITAN AREA RESPONSES

Atlanta (Atlanta Regional Commission)
Travel Surveys. 1991 household travel survey by telephone/mail (2400 households).

Land Use Data. 1990: agrid photos of 10-county region, on Arclnfo; 32 categories (USGS
Anderson system); resolution 2-4 acres in some urban areas, otherwise ~10 acres; founded on
LUTA land cover & use system. Historica data: updates every 5 years since 1975.
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Land Use Forecasting. Use DRAM/EMPAL. No regiond comprehensve land use plan.

Baltimor e (Baltimore M etropolitan Council)

Travel Surveys. 1993 household travel survey just finished (2962 households). Origin-
destination survey aso conducted &t five points on PA-MD line,

Land Use Data. 1990, on Maplnfo: acres of existing and vacant land by zoning class and
indications of holding capacities a the TAZ level. For usein running the Horowitz modd and
other applications.

Land Use Forecasting. Forecast population, employment, and activities to develop regiond
and jurisdictiond controls. Use building permit information and subdivison plansfor initia
dlocation to TAZs, then submit to locd jurisdictions for review and reconciliation. Also
maintain "Master Establishment File" (from ES202 insurance records) for employment
dlocation.

Boston (M etropalitan Area Planning Council)

Travel Surveys. 1991 home interview survey (4000 households): trave diary, activity-based;
1991 externd cordon survey; numerous current transit on-board surveys.

Land Use Data. 1985 datafor the entire state on Arcinfo. 28 total categories, including 10-
15 relevant for urban areas. Size of polygonsvaries. Currently digitizing 1991-92 aerid
photos, completion scheduled for late 1995? Contact MassGIS (Executive Office of
Environmenta Affars) for deta avalability.

Land Use Forecasting. Anin-house, modified variant of DRAM/EMPAL.

Buffalo (Niagara Frontier Transportation Committee)

Travel Surveys. 1990 regional cordon survey; 1993 household travel survey (2700
households plus 265 students); conducting onboard transit survey for completion in Spring
1995; planning afreight survey.

Land Use Data (Erie County). Based on property tax coding system. Last map done mid-
70s, putting together new map on parcel centroid basis for completion in Spring 1995. 13
categories, map scaleis 1" to amile, with 300,000 parcel centroidsin Erie County.

Land Use Forecasting. MPO conducts regiona demographic forecasts and municipa
forecagts with high and low estimates. County planning staff assigns municipa forecast resultsto
TAZs based on zoning, environmental condraints, etc. Forecasting was completed in early
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1990s for 2010 regiona transportation plan; smilar process planned over next 4-5 years for
2020 plan. Will include development of a metro arealand use plan.

Charlotte (Charlotte Department of Transportation)
Travel Surveys. 1987 household survey (1,300 completed households). Do on-board transit
surveysfairly regularly.

Land Use Data. Mecklenburg County: Land use coverages on Arcinfo. Property tax dataare
coded to Census block; tracts and blocks are coded on parcd ID. Updates occur regularly. In
addition to standard tax data, records include land use codes, zoning codes, and estimates of
vacant land by land use category. No land use data outside of Mecklenburg County.

Land Use Forecasting. County and sub-county (11 subareas) were forecast by outside
consultant; alocation to TAZs was performed by local staff using a Delphi technique. For
neighboring Union County area, Sate level forecasts are combined with forecasts for adjacent
aress of Mecklenburg County. Currently surveying land use models used el sewhere to develop
multi-county forecadts for the Charlotte region.

Chicago (Chicago Area Transportation Study)
Travel Surveys. Travel survey conducted 1988-91 (19,300 households).

Land Use Data. 1990: 6-county comprehensive inventory on Arclnfo, from aerid photographs,
47 categories, resolution ~2.5 acres (1/4 acre in some areas of City of Chicago). Also have
earlier data, gathered by different methods.

Land Use Forecasting. Trying DRAM/EMPAL with no resultsyet. Last forecast mode was
20 years ago. Forecasts have been revised every few years subsequently.

Cincinnati (Ohio-K entucky-I ndiana Regional Council of Gover nments)

Travel Surveys. An on-board transit survey was conducted in May 1995. A household travel
survey of 2000-2500 households will be conducted in fall 1995. An extended station trip
survey is planned for 1997.

Land Use Data. Physicd land useis monitored by five-year-interva agrid photography. Data
not digitally mapped at present, but a GIS system is under consideration. Have old (1975)
maps. Tabular demographic data (population, households, and employment) is maintained by
TAZ. Current-year TAZ datais under development through alocd building permit inventory.
City of Cincinnati and Hamilton County have aGIS.

176 Land Use Compendium



Land Use and Travel Survey Data: A Survey of the Metropolitan
Planning Organizations of the 35 Largest U.S. Metropolitan Areas

Land Use Forecasting. Mapped future land use is not available for the region. Tabular
demographic data by TAZ for transportation modeling is prepared for long-range target years.
Thisis done usng amanud alocation method from state-prepared county-level population
projections and review by local planning agencies. Automated procedures are being reviewed.
Clevedland (Northeast Ohio Areawide Coordinating Agency Policy Boar d)

Travel Surveys. 1994 household travel survey (1,600 households); contractor finishing report.
1994 workplace survey of employers, 150 employers were selected by size, SCI code, and
areatype. 1993 on-board transit survey by the Greater Cleveland Regiond Trangit Authority.

Land Use Data. Tabular, for 1990-91 (City of Cleveland) or 1985-86 €l sawhere; 6
categories, tabulated at TAZ level (comparable to censustract). Higtorical: maps from various
years, with varying degrees of accuracy. In the process of getting land use dataon aGIS.

Land Use Forecasting. Keep track of development at TAZ level. No land use plan or
computer modding.

Columbus (Policy Committee of the Mid-Ohio Regional Planning Commission)

Travel Surveys. Downtown O-D cordon survey completed in 1994. Onboard trangt survey
in 1994 (every busroute). ODOT is doing cordon surveys of the mgor metropolitan areasin
the next 2-3 years, Columbus is scheduled for the summer of 1995.

Land Use Data. Tabular, by TAZ (~1000 in Columbus areg): 43 totd variables, including
population and employment figures, square footage of commercid uses, and acreage by type of
land use. Dataare linked to existing GIS system (Arcinfo). There are plansto develop aland
use layer for this system, possibly within the year. Franklin County has digitized land use data
on aparcd bass. Aerid photography every five years. Data are updated through continuous
tracking of building permits and subdivisons. Full surveys for employment updates are
conducted on afive-year cycle.

Land Use Forecasting. Forecasts are baanced againgt regiond control populations
developed by the Ohio Department of Development. Margind population and employment are
digributed to the zone level based on historic and current development activities and local land
use plans.

Dallas (North Central Texas Council of Gover nments)

Travel Surveys. Currently conducting 1994-95 regiona travel survey. Survey includes a
household survey, workplace survey, and externa cordon survey.
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Land Use Data. 1990, 1988: on ArcInfo, from aeria photos with locd review. ~20
categories, based on USGS code system plus athird digit. Resolution: <=5 acres. Higorical:
TXDOT regiond planning office has paper maps dating to 1965.

Land Use Forecasting. (1) State forecasts demographics by metropolitan ares; (2) alocated
to digricts usng DRAM/EMPAL and a"modified Delphi” technique with feedback from a
technical committee; (3) dlocated to TAZs using in-house supply-driven modd and loca
government review.

Denver (Denver Regional Council of Gover nments)

Travel Surveys. 1985: completed 1,500 household survey in six-county region. 1992-93:
completed 2,500 household sample survey in Boulder County. 1994: completed 800
household sample of ederly and disabled in eight-county region. Will undertake comprehensive
travel behavior inventory in spring 1996 (5,000 household surveys, on-board transit survey,
truck and cordon line surveys).

Land Use Data. Land use databy TAZ aggregated into ten land use classes from local
governments and agrid photos for 1995. Regiona mapping of land use with census tract
tabulation for 1960, 1970, 1980, and 1990-95.

Land Use Forecasting. Use an in-house model to dlocate population, income, and
employment by TAZ based on a multi-variate attractiveness index and loca comprehensive plan
designations. Attractivenessindex variables include amount of vacant land, character of existing
development, per capitaincome, planned trangportation facilities, and level of pedestrians and
trangt orientation of development.

Detroit (Southeast Michigan Council of Gover nments)
Travel Surveys. 1990 household travel survey. 1994 household survey (7,300 households).
Panned for 1995: trangt on-board survey, externa cordon survey and count.

Land Use Data. 1990: statewide land cover survey from agrid photos (digitized), based on
1985 DNR survey; 55 categories statewide (3-digit coding); resolution ~2.5 acres (may be
more detail locally), based on 1:24,000 USGS quads, next update planned for 1995. Also, just
digitized 232 communities madter plans for future land use. Historicd: regionwide land use
inventories back to 1965 (different methods prior to 1985).

Land Use Forecasting. Demographic 20-year forecasting at a TAZ leve usng
DRAM/EMPAL. Currently working on 2020 regiond development forecast.

Hartford (Capitol Region Council of Governments)
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Travel Surveys. No recent surveys, no plansfor surveys.
Land Use Data. No centra data. Working on GIS.

Land Use Forecasting. In process of developing aland use forecasting mode!.
Houston (Houston-Galveston Area Council)

Travel Surveys. During the 1994-95 fiscd year, the H-GAC has conducted a full complement
of travel surveys. Theseincluded: (1) a household survey of 2,450 households, Stratified by
income and household size. (2) an externad Station survey of dl 79 stes, with over haf surveyed
as to origin/destination; trucks were questioned as to routing and cargo. (3) A workplace
survey of 350 employers Stratified by areaand employment type; included employee and visitor
surveys and freight deliveries. (4) A commercid vehicle survey of 6+ whed trucks and non-
fixed route passenger carriers; included atrip diary. (5) A multimodd facilitiesinventory of
facility operatorsfor dl modes. (6) An on-board transit survey of dl fixed routes and park-
and-ride express buses; included 350+ routes. (7) A series of specia generator surveysfor
Houston Intercontinental Airport, sdlected Galveston Idand Tourigt Attractions, Gulf Greyhound
Park, and one University campus.

Surveyswill have fina tabulation reports completed by Sept. 30, 1995, and detailed analysis
reports will be completed during FY 1996. Much of the detailed analysis will be performed by
the Texas Transportation Inditute.

Land Use Data. Invery early stages of developing a database from remote sensing; dso
working on redl estate database from private sources. TXDOT has data for 7 counties
surrounding Harris, based on early 80s aeria photos with updates based on building permits,
spot checks, etc; 5 categories, at censustract level. City of Houston has database from tax
records: 10 categories, at tract and/or parce level. No data on the rest of Harris County.

Land Use Forecasting. H-GAC completed its DRAM/EMPAL forecastsin spring 1995.
The agency is currently exploring dternatives to DRAM/EMPAL for usein future forecasting
efforts.

Kansas City (Mid-America Regional Council)

Travel Surveys. 1991-92 travel diary (1221 households); 1993 downtown commuter survey
(4605 persons). 1989 study of the College Boulevard area.

Land Use Data. The city of Kansas City, MO, which spans four counties, will complete
ingalation of a parcd-level GIS (Intergrgph) in 1995. Two counties (but not largest) have GIS
(Arclnfo) based on parcd data. For metropolitan region: paper maps. old maps plus maps of
changes, ~6 categories, a censustract level. Plansfor digitizing in next few years.  Also have
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1984 Landsat photo image, but can't tell much except developed/undeveloped. Historica
tabular files of land use acreage by censustract for 1970, 1980, and 1990.

Land Use Forecasting. Use DRAM/EMPAL to forecast socio-economic activities with add-
on land accounting.

L os Angeles (Southern California Association of Gover nments)
Travel Surveys. 1991 household survey (26,000 households). Some extrawork done,
including geocoding of origirn/destination points.

Land Use Data. Digitd file from aeria photos for 5-county area (1990 & 1993; updates
planned every 3 years). Includes 105 categories, resolution ~2 acres. Higtorical data: some
aeria photos of LA county, never manuscripted. CA Dept. of Water Resources has flown the
entire state every seven years since the early 1940s.

Land Use Forecasting. Use DRAM/EMPAL: gart with regiondl and county level forecasts
from regiond modd, enter contral totals into DRAM/EMPAL, take output along with loca
input to develop city-level controls. Fed into an in-house "small area dlocation modd." and
disaggregated into about 5,000 zones.

Miami (Miami Urbanized Area Metropolitan Planning Organization)

Travel Surveys. 1993-94 "genera household and hurricane impact survey” (2700 househol ds)
and on-board trangt survey. These were performed in order to help assess the affects of
hurricane Andrew on the transportation system and to eva uate subsequent changesin travel
behavior. Also 1987 regiond travel survey (by Florida DOT) and 1986 on-board transit
survey. Some surveys of jitney vehicular activity, most recently in 1992,

Land Use Data. USGS quads (~60 for Dane County). Developing GIS (Arclnfo) based on
section plots; should be ready in 1996. Includes ~100 categories (3-digit code); resolution at
tens of feet. Higtoricdl: filesto late 1960s; good detail since 1980.

Land Use Forecasting. Land use and demographic estimates for Dade County are devel oped
by the Dade County Planning Department and provided to the MPO and FDOT. Dataare
developed at avariety of levels but transmitted at a TAZ leve (there are currently 1160 TAZS).
The department aso develops other socioeconomic inputs for regiond travel demand models
based on a carefully structured set of procedures. A Comprehensive Development Master Plan
is used asthe overdl guide for land use, infrastructure, and other development issues. County-
wide projections of population, housing, and employment are used as control totals and linked
to land use requirements; totals are alocated to 32 subareas based on devel opment trends, land
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and infrastructure availability, and land use policies; and subareatotals are then further adlocated
to TAZs based on additional variables.

Milwaukee (Southeastern Wisconsin Regional Planning Commission)

Travel Surveys. 1991-92 household travel survey (17,500 households). Survey of interna
truck travel, externd travel, and on-vehicle transt survey.

Land Use Data. Most recent 1990, digitized from 1" = 400’ ratioed and rectified agria
photographs; to be updated in 1995 with 1" = 400" using digital orthophotography. Includes
over 100 categories. Resolution: individua parcels. Historica datato 1963 with data since
1970 every five years. Dataisavailablein tabular format for U.S. Public Land Survey one-
quarter sections and in map format.

Land Use Forecasting. The Commisson since 1966 has based transportation and all other
facility system planning on a normetive land use plan which represents a desirable land use
pattern, rather than aforecast pattern. Planning objectives and standards guide the land use
plan alocation of land development, households, and jobsto TAZs. Trangportation and other
facility sysem plans are designed to serve the land use plan. The consistency of the
trangportation and land use plansis checked with mapping of transportation plan total and
incremental accesshility.

Minneapolis (Metropolitan Council)

Travel Surveys. 1990 trave behavior inventory.

Land Use Data. 1990: Arclnfo for 7-county area; 13 categories, resolution ~1/4 acre
(1:24,000 map accuracy standards). Historical: maps dating to 1958 at roughly 5-year
intervas.

Land Use Forecasting. No forma modeling. Allocate land to communities for devel opment;
caculate available land and project development and population growth. Development is
restricted outsde Metropolitan Urban Services Area

New Orleans (Regional Planning Commission)

Travel Surveys. No household surveysin past 20 years. Regiond Trangt Authority did an on-
board trangt survey in 1994. No specific survey plans for the near future.

Land Use Data. 1991: Intergraph, for 3 parishes, digitized from existing USGS maps, 10
categories, very detailed (~50 feet?), dthough some resolution waslogt in digitizing. Higtorica:
compendium of land use plansfor 4 parishes.
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Land Use Forecasting. No red modeling; derive ditribution of residentia population from
building permits, utility hookups, etc.

New York (New York Metropalitan Transportation Council)

Travel Surveys. Metropolitan Trangportation Authority (MTA): 1989 home interview travel
survey (20,500 households); 1989 survey of subway and railroad riders. NYMTC: regular
hourly cordon counts for Manhattan CBD; |ate-80s origin-destination survey of vehicles
entering and leaving the CBD; contracted for 800-1000 additiona samples for the 1990 NPTS.

Land Use Data. For completion in Spring 1995: collecting subregiond data from counties; 9-
10 categories at censustract level. Currently have only 2 categories, resdential and non-
resdentid. New York City hasland use data at a census tract level, including resdentia
(housing units, lot area, and floor area) and nonresidentia (6 categories). Similar datais
available for most subregiona counties.

Land Use Forecasting. Just interna forecasts of population, employment, etc. Currently
thinking about a suitable land use mode! for the area.

Norfolk-Virginia Beach-Newport News (Hampton Roads Planning District
Commisson)

Travel Surveys. 1994 household survey (2500 households) by an outside consultant as part of
asudy for athird crossing of Hampton Roads. Results are available.

Land Use Data. Exigsfor the southsde** only. Tabular, by Satistical areas (areas can be
aggregated to the TAZ or Census Tract levd). Includes housing and commercid uses by type
and acreage. Based on city data; last update from 1992-93. Digitization of land use data has
been postponed indefinitely due to current state funding/program priorities. Two of fifteen local
jurisdictions currently have their own digitized land use data.

**"Southgde" refers to the five cities (Norfolk, Virginia Beach, Portsmouth, Chesapeske, and
Suffolk) on the south/east Sde of Hampton Roads (a body of water). Until recently, Hampton
and Newport News ("the peninsuld") had a separate MPO and do not have comparable land
use data.

Land Use Forecasting. Locd jurisdictions project their land uses and send to the MPO for
use in transportation modeing (a 2015 transportation plan was gpproved in May 1995).
Forecasts are done in conjunction with population and employment control totas from the state.

Phoenix (Maricopa Association of Gover nments)
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Travel Surveys. 1989 homeinterview survey (2,992 households); 1992 vehicle
occupancy/classfication survey; results of a pedestrian survey available soon; completing a
travel time survey. 1994 travel survey:

Land Use Data. Arcinfo/Maplnfo: 4 categories, a regiond andysis zone leve (dightly larger
than a census tract).

Land Use Forecasting. Use DRAM/EMPAL.

Philadelphia (Delawar e Valley Regional Planning Commission)

Travel Surveys. 1987-88 telephone/mail household survey (2,500 households); 1988-89
cordon line survey of Delaware Valey Region (29,000 surveys).

Land Use Data. Intergraph; from aeria photos of 9-county region; 14 categories, resolution
1-2 acres (also type listed by acreage for municipalities). Historical: 1970, 1980 mapped and
quantified (acres by type).

Land Use Forecasting. Population and employment forecasts based on land availability and
assessment of future trends.

Pittsbur gh (Southwester n Pennsylvania Regional Planning Commission)

Travel Surveys. 1990 household survey (433 households).

Land Use Data. 1992: expanded GIS from Landsat, still cleaning up; includes ~9-10
categories, resolution ~3 acres. Also ~35 additiond layers, including parks, open space, forest
aress, indudtria areas, schools, etc. Historical: colored maps from mid-70s.

Land Use Forecasting. Use modd to forecast acreage of residential, commercia, vacant, etc.

by TAZ.

Portland (Metropolitan Service District)

Travel Surveys. 1994 household survey includes ~8,000 households from the
Portland/V ancouver area plus 4-5,000 from downgtate.

Land Use Data. Arcinfo, on atax lot bas's, updated every 6 months from the tax assessor's
file. Categories depend on the county; covers 3-county metropolitan areain Oregon. No
higtorica data
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Land Use Forecasting. No forma modding is conducted, athough regiona land use planning
is conducted in the context of an urban growth boundary and transportation and land use goals.

Providence (Rhode Idand Department of Transportation)
Travel Surveys. No household surveys. Origin-destination survey of motoristsin 1-195
corridor.

Land Use Data. GIS (Arcinfo) from 1988 aerid photos of the entire state. Includes ~36
categories (modified Anderson system, level 3); polygons of 1/2 acre. Historica datafrom
1975-76 (updated early 1980s) are coded as point coverage in Arclnfo; a different coding
system was used and data may not be reliable.

Land Use Forecasting. The Rhode Idand State Modd (for travel demand forecasting) has
over 1000 TAZs. Demographic forecadting is done at the TAZ level using TransCAD
software. The State Mode includes al Rhode Idand municipdities aswell as adjacent
communitiesin Connecticut and Massachusetts. Forecagts are done in conjunction with
population and employment control totals from the State.

Sacramento (Sacramento Area Council of Gover nments)

Travel Surveys. 1992 household survey with ~2,000 household data points usable for
modeling purposes (4,000 tota households surveyed). 1995 on-board transit survey covering
6 counties completed, including 28,000 riders and 10 operators.

Land Use Data. Tabular, by minor zone (last updated 1994), from parce-level data of
Sacramento county assessor. Ten categories, including acres by type, number of parcels, and
square feet of buildings.

Land Use Forecasting. Do projections by an "iterative process': compute holding capacities,
meset with local planners, etc. Plan to run DRAM/EMPAL in the near future.

San Antonio (San Antonio-Bexar County Urban Trangportation Study Steering
Committee)

Travel Surveys. 1990 household survey (2500 households), workplace survey (282
workplaces), and externa cordon survey. 1991 transit OD studly.

Land Use Data. Arcinfo (1990), from aerid photographs. Origindly 15 categories, grouped
into 7, on a200' x 200’ grid.
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Land Use Forecasting. (1) Do trend andysis, (2) Use DRAM/EMPAL to alocate
households and employment.

San Diego (San Diego Association of Gover nments)

Travel Surveys. Currently doing a household survey using sngle-day trip diaries. Sampling
~1,600 households (may increase to 2,000 if funding is available). Find report is due August
1995.

Land Use Data. ArcInfo (1990) with two layers: existing and planned (based on local
community plans). Includes 70-80 categories, polygons of ~2.5 acres (1" = 2000'). Higtorica
data: 1986 land uses on Arclnfo; paper maps from 1972, 1975, 1980, 1986, and 1990 with 17
land use categories.

Land Use Forecasting. Use an in-house "projected land use modd™. Regiond growth
forecadts are overlaid with planned and existing land uses and congtraints. Population,
employment, and housing are forecast at the block level.

San Francisco (M etropolitan Transportation Commission; Association of Bay Area
Gover nments)

Travel Surveys. Most recent household survey by MTC is a1990 household survey (~9,500
householdsin sSingle-day sample with additiond 1,500 in multi-day sample). MTC is conducting
a household travel survey of ~3,000 householdsin 1995-96 as part of the Bay Bridge
Congestion Pricing Demondtration Project.

Land Use Data. ABAG has land use data from 1990 and 1985 on Arclnfo based on a200' x
200 grid. Dataisbased on USGS 1:24,000 Land Use Data maps from aeria photography in
the mid-1970s. Updates were based on population and employment projections, local
interviews, field checks, and(for 1990) aeria photography. The next update is planned for
1995-1997. Classfication is based on the USGS Anderson system, with 30 urban-use
categories a the 3-digit level and more detaill where it is available.

Land Use Forecasting. ABAG forecasts land use based on their own demographic,
economic, and land use data. Land use assumptions are based on local generd plans down to
the Census Tract leve, in particular on residentid, indudtrid, and commercia land availability as
well as quditative assumptions. ABAG uses an optimization modd, POLIS, to dlocate
households and employment to 119 superzones, then uses a second model, SAM, to dlocate
these results to census tracts. A recent writeup of POLIS isincluded in ABAG Working Paper
#95-1, "A Description of POLIS" (January 1995).

Seattle (Puget Sound Council of Gover nments)
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Travel Surveys. 1988 cross-sectiona household travel survey. Currently finishing the 5th
wave of an activity-based pand survey begun in 1989; includes about 1900 households and 33-
35,000 person-trips. If funding is available, Seattle will participate in the NPTS oversampling in
1995.

Land Use Data. Tabular datafor percent of cover for each TAZ (about 850 TAZs over 600
0. miles); 7-8 categories, last updated 1990. Higtorica datais adso available, dthough TAZ
boundaries changed in 1990. Currently in the process of geocoding land use and land pattern
information, including trip ends; thiswill be linked with the TAZ data. Coding of loca
comprehengve plan maps should be finished by July 1995.

Land Use Forecasting. Use ahighly cussomized DRAM/EMPAL variant with accessbility-
based feedback loops. Currently working with Portland on developing land use alocation
models.

St. Louis (East-West Gateway Coor dinating Council)
Travel Surveys. 1990 household survey (1446 households).

Land Use Data. Atlas GIS; dso in database format; from USGS maps 1970-80, 1990 update
attempted with no field checking; categories based on Standard Land Use Coding Class, Leve
1; resolution ~10 acres (in city) up to 40 acres (el sawhere).

Land Use Forecasting. "Interactive’ manua modd using spreadsheets. Population is
projected based on county demographic model and regiond trends, then alocated to TAZS,
housing units are dlocated based on concepts of density, type, and developable land
condraints. Commercia/industria uses based on employment alocations.

Tampa-St. Peter sburg-Clearwater (Tampa Urbanized Area M PO)

Travel Surveys. Recent surveys have been conducted by the Florida DOT in conjunction with
the four loca MPOs (each county in the Tampa area hasits own MPO). 1991 surveys
included an abbreviated household survey of ~1,600 households and a cordon line survey.
Surveys are used to verify regiond travel models. Inlate 1995 FDOT will be letting an $0.5
million contract for a survey to be conducted in the peak season of 1996 (Jan-Apr.) Detalsare
not findized but the contract will probably include a household survey (to reconfirm earlier
results); a seasond resdent survey; an externd travel survey; and atruck survey.

Land Use Data. Hillsborough County isworking on bringing a GIS on-line (nearly complete
exc. Tampa City). At parced level, from property appraisers, 8-10 categories, as defined by
state of FL.
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Land Use Forecasting. FDOT and the four MPOs are currently developing aregiond land
use dlocation modd (land use policy-setting will remain at the locd leve).

Washington, D.C. (Metropolitan Washington Council of Gover nments)

Travel Surveys. 1988 survey (8,000 households). 1994 telephone survey.

Land Use Data. Late 1995: expect to have generalized composite map of future planned land
uses on GIS (not comprehensive). Some counties are building/have completed GIS coding
fromaparcd levd. Activity (not land use) fileat TAZ leve.

Land Use Forecasting. Use a"modified Dephi technique™ (1) use regiona econometric
modd to alocate population, employment, and households to TAZS; (2) conduct local forecasts
based on permits, utility hookups, etc.; (3) Reconcile steps 1 and 2.

Metro Area L and Use Contact Travel Survey Contact
Atlanta Atlanta Regiond Commission Atlanta Regiond Commisson
Jm Mddrum Patti Schropp
404-364-2521 404-364-2568
Bdtimore Batimore Metropolitan Council Batimore Metropolitan Council
Dunbar Brooks Gene Bandy
301-333-1750 x203 410-333-1750 x235
Boston Centrd Trangportation Planning Centra Trangportation Planning Staff
Staff Karl Quackenbush
Mark DesMarais 617-973-7114
617-973-7077
Buffdo Erie County Niagara Frontier Trangportation
Michadl Krasner Committee
716-858-6086 Timothy Trabold
716-856-2026
Charlotte Charlotte Department of Charlotte Department of
Trangportation Transportation
Joe McCldland Terry Lathrop
704-336-3908 704-336-2261
Chicago Northeast Illinois Planning Chicago Area Transportation Study
Commission Andy Plummer
Chuck Metditz 312-793-3470
312-454-0401 x602
Cincinnati Ohio-Kentucky-IndianaRegional | Ohio-Kentucky-Indiana Regional
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Metro Area Land Use Contact Travel Survey Contact

COG COG
Chengi-i Tsa Chengi-i Tsa
513-621-6300 513-621-6300

Clevdand Northeast Ohio Areawide Northeast Ohio Areawide
Coordinating Agency Policy Board | Coordinating Agency Policy Board
Joe Cole Joe Cole
216-241-2414 x280 216-241-2414 x280

Columbus Policy Committee of the Mid-Ohio | Policy Committee of the Mid-Ohio
Regiond Planning Commission Regiond Planning Commisson
Nancy Reger Robert Lawler
614-228-2663 614-228-2663

Ddlas North Central Texas COG North Central Texas COG
Lyssa Jenkins Ken Cervenka
816-695-9154 817-640-7806

Denver Denver Regiond COG Denver Regiond COG
John Cail Jeff May
303-455-1000 303-455-1000

Detroit Southeast Michigan COG Southeast Michigan COG
Jerry Rowe Alex Bourgeau
313-961-4266 x257 313-961-4266

Hartford Capital Region COG Capitol Region COG
Carol Scymanski Tom Maziarz
203-522-2217 203-522-2217

Houston Houston-Galveston Area Council Houston-Galveston Area Council
Marilee Martin Jerry Bobo
713-993-4529 713-993-4571

Kansas City Mid-America Regiond Council Mid-America Regiona Council
Frank Lenk Steve Noble
816-474-4240 816-474-4240

Los Angeles Southern Cdif Assoc of Southern Cdif Assoc of
Governments Governments
Tery Bills Teary Bills
213-236-1807 213-236-1807

Miami Miami Urbanized Area MPO Miami Urbanized Area MPO
Frank Barron Jose-LuisMesa
305-375-2845 303-375-4507
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Adminigration
John Stachdhaus
401-277-2481

Metro Area L and Use Contact Travel Survey Contact

Milwaukee Southeastern Wisconsin RPC Southeastern Wisconsin RPC
Dave Schilling Ken Y unker
414-547-6721 414-547-6721

Minnegpolis Metropolitan Council Metropolitan Council
Rick Gelbmann Kevin Roggenbuck
612-291-6371 612-229-2728

New Orleans Regiond Planning Commission Regiond Planning Commisson
Jm Harvey Jm Harvey
504-568-6611 504-568-6611

New York New Y ork Metropolitan New Y ork Metropolitan
Trangportation Council Trangportation Council
Ping-Ning Shen Ray Ruggieri
212-938-3297 212-938-3305

Norfolk Hampton Roads Planning Didtrict | Hampton Roads Planning Didrict
Commission Commisson
Mike Kimbrel John Crosby
804-420-8300 804-420-8300

Phoenix Maricopa Association of Maricopa Association of
Governments Governments
Ledie Dornfed-Burns Cathy Arthur
602-254-6308 602-506-4117

Philadephia Delavare Vdley Regiond Planning | Delaware Vdley Regionad Planning
Commission Commisson
Barry Seymour Tom Walker
215-592-1800 215-592-1800

Aittsourgh Southwestern Pennsylvania Southwestern Pennsylvania Regiond
Regiond Planning Commisson Panning Commission
Wade Fox Wade Fox
412-391-5593 x312 412-391-5593 x312

Portland Metropolitan Service Didrict Metropolitan Service Didtrict
Dick Bolen Keith Lawton
503-797-1582 503-797-1764

Providence Rhode Idand Department of Rhode Idand Department of

Transportation
Joe Schdll
401-277-2694
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Metro Area Land Use Contact Travel Survey Contact

Sacramento Sacramento Area COG Sacramento Area COG
Kdly Grieve Joe Concannon
916-457-2264 916-457-2264

San Antonio San Antonio-Bexar County Urban | San Antonio-Bexar County Urban
Trangportation Study Steering Trangportation Study Steering
Committee Committee
Dan Hebner Dan Hebner
210-227-8651 210-227-8651

San Diego San Diego Association of San Diego Association of
Governments Governments
Paul Kavanaugh Paul Kavanaugh
619-595-5349 619-595-5349

San Francisco | Association of Bay Area Metropolitan Trangportation
Governments Commisson
Raymond Brady Chuck Purvis
510-464-7928 410-464-7848

Seettle Puget Sound COG Puget Sound COG
Steve Fitzroy Bob Sicko
206-464-6411 206-464-5325

. Louis East-West Gateway Coordinating | East-West Gateway Coordinating
Council Council
Glen Griffin Martin Altman
618-274-2750 314-421-4220

Tampa Tampa Urbanized Area MPO Florida Department of Transportation
Michdle Ogilvie Danny Lamb
813-272-5940 813-975-6437

Washington Metropolitan Washington COG Metropolitan Washington COG
Bob Griffiths Bob Griffiths
202-962-3280 202-962-3280
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