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ABSTRACT

“Making the Land Use, Transportation, Air Quaity Connection” (LUTRAQ) is anationa
demondtration project to develop methodologies for creating and evauating dternative land use patterns
and design standards that will:

*  reduce dependence on automotive travel;

*  increase mobility for al segments of society;

e  minimize negative environmenta impacts, particularly those on air qudity;

*  reduce energy consumption; and

» foder agtrong sense of community character.
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| NTRODUCTION

“Making the Land Use, Transportation, Air Quality Connection” (LUTRAQ) isanationd
demondtration project to develop methodologies for creating and evauating dternative land use patterns
and design standards that will:

. reduce dependence on automotive travel;

*  increase mobility for al segments of society;

. minimize negative environmentd impeacts, particularly those on air qudity;
*  reduce energy consumption; and

»  fogter agtrong sense of community character.

Using a proposed $200 million bypass freeway around the Portland, Oregon metropolitan region asa
case sudy, LUTRAQ will (1) identify dternative land use development patterns that reduce travel



demand and increase the use of dternative travel modes, and (2) develop rdiable transportation
modeling procedures that forecast the travel behavior associated with these dternative land use patterns.

The LUTRAQ project contains Sx primary tasks:
Task A. Analyze Current Mode Limitations

In Task A, the project team will (1) identify the internationa state-of-the-art of integrated land
use/trangportation modeling; (2) determine current modeling practicesin U.S. metropolitan aress; and
(3) evduate the modding system in place for the LUTRAQ study area.

Task B. Analyzethe Base Case

The project team will establish current land use and transportation opportunities and congraints in the
study area.

Task C. Develop the LUTRAQ Alternative Package

The project team will establish a package of aternatives to freeway congdruction, containing three
primary dements. (1) dterationsin arealand uses, dengties, and development design standards, (2)
expandonsin trangt facilities and services, and sdlected existing collector/arterid systems, and (3)
changes in land use and non-land use palicies, including those related to transportation demand
managemen.

Task D. Modify the Models

The team will improve the modding system in the study area to assure accurate measurement of the
aternative package developed in Task C.

Task E. Test the Alternatives

Using the modding improvements from Task D, the team will analyze a no-action dternative, afreeway
dternative, and the LUTRAQ aternative package (developed in Task C) for their effects on congestion,
land use, ar qudity, energy consumption, qudity of life, public finances, and user codts.

Task F. Implement the L Q Alternative Package

The team will prepare a st of recommended actions to implement the eements of the aternative
developed in Task C.

Work products from the LUTRAQ project include a separate volume devoted to each task, plus afind
report and technica gppendix.



Volume Title Authors

1 Modeling Practices Cambridge Systematics, Inc.
and Hague Consulting Group

2 Existing Conditions Cambridge Systematics, Inc.
and Calthorpe Assodates

3 Description of Alternatives Calthorpe Assodiates and
Cambridge Systematics, Inc.

4 Medel Modifications Cambridge Systematics, Inc.

5 Analysis of Alternatives Cambridge Systematics, Inc.
and Calthorpe Assodates

] Implementation Cambridge Systematics, Inc.
and Calthorpe Asscciates

7 Final Report Cambridge Systematics, Inc.
and Calthorpe Asscciates

8 Technical Appendix Cambridge Systematics, Inc.
and Calthorpe Associates

Volume List

SUMMARY

This volume contains three chapters. The first isa summary of currently available interactive
trangportation and land use modding systems. The second is asurvey of the state of the practicein
transportation and land use forecasting a the metropolitan leve in the United Statestoday. Thethird is
adescription and andysis of the transportation and land use forecasting system used in the Portland,
Oregon metropolitan area.

I nteractive trangportation and land use modd s replicate the ways in which people and businesses make
their locational decisions and the ways in which these decisons affect traffic congestion. We know that
commuting time and cost influence the choice of aplaceto live, and that businesslocation decisons are
affected by the extent of traffic congestion, aswell as by the location of employees residences.

I nteractive modd s forecast the ways in which these numerous decisonsin a metropolitan area affect
one another over time.

In our review of such modeling systems available internationdly, we identified fourteen commercidly
available packages in the United States, Europe, South America, Asaand Audrdia. Thefirst chapter
describes the theoretica basis, operating characteristics and recent gpplications of the most widely used
of these modding systems. We identify three sysems which are the best developed and potentialy
most useful packages for the kinds of issues and gpplications common in U.S. metropolitan areas today.



In our second chapter, we conclude that land use for ecasting procedur es have essentially
remained unchanged in the magjority of our major metropolitan areasfor nearly twenty years.
During this same period |ess than a dozen agencies and regions have used land use modeling techniques
to predict the locations of households and jobs. Among these few regions which have undertaken more
sophisticated means of land use forecasting, however, only two have implemented fully the tools to
predict the ways in which congestion influences land use, while land use patterns Smultaneoudy
influence congestion. Both of these systems have deficiencies which need correction.

None of the regions have enhanced their models sufficiently to reflect the under standings we
have today regarding the deter minants of individuals travel decisons. Clearly one of these
influencesis the built environment itsdf. The waysin which urban design improvements, land use mix
and dengty affect the number of trips, length of trips and mode choice of travelersis not included in
regiond travel demand forecasting modes used anywhere in the United States today.

In the third chapter, we review the travel demand forecasting system used in the Portland, Oregon
metropolitan area. We conclude that, while the Portland modeling system containsalarge
number of state-of-the-art enhancements, it sharesthe widely prevalent weakness of regional
modelsin itsinability to smulate: (1) the waysin which peopl€e's choices of whereto work or
locate a business ar e deter mined by congestion and travel costs, and (2) the waysin which
designsoriented to pedestrians, bicyclesand transit can influence decisions about where and
how to travel.

Taken as awhole, these three chapters acknowledge a widely-known but rarely discussed conclusion
that travel demand forecasting in the United States has remained unchanged for too long. Thetoolsin
usetoday arenot reliable for solving the urban and regional transportation problemsfaced by
our metropolitan areas. The modds are unable to Smulate accurately the likely consequences of the
kinds of public policies and programs needed to solve congestion problems, or, more fundamentaly, the
responses of residents to the transportation choices and options they face everyday.

OVERVIEW

The standard travel demand forecasting system congists of four stages: trip generation, trip distribution,
model choice and trip assgnment. This system has remained relatively atic over the ladt fifteen years.
In mogt regions, only incrementa improvements have been made to regiond travel demand models.
Sdlected areas, such as San Francisco, Portland, and Sesttle, have taken important initiatives but the
majority of urban areas have done little new work.

The sgnificant modd system improvements during this period have been implemented outside the
United States. These advances, taken together with current U.S. thinking, provide evidence of what the
next generation of travel demand forecasting systems should ook like.

The orientation of most U.S. planners has been to the congtruction of mgor new radiad highway and
trangt systems. This had led modeers to devel op tools which are designed to forecast traffic volumes
on specific road segments.



A new range of palicies, however, is atracting the interest of planners and policy-makers. Sengtivity to
these policies will drive the next round of modd improvements. These palicies include the following:

e congestion management,

e improved ar qudlity,

*  reduced energy consumption,

*  highway and parking pricing, and

. urban development and growth management.

The data on which many current modd systems are based are relatively old. Significant changes are
occurring, such as multiple-worker households, increasing auto ownership, flexible work schedules,
increased leisure time and a Steady increase in the average age of drivers. Asaresult, travel demand
relationships developed 15-20 years ago are no longer vaid today.

New travel surveys need to be collected, covering abroader range of data and permitting more detailed
andyds than has been doneto date. By combining this data with 1990 census data, which will be
available on a geographicaly coded basis, planners can and will be undertaking new regiond travel
forecastsin the early 1990's. Their accuracy and usefulness will be limited, however, snce they will be
based on mode structures which are inadequate. The inadequacies affect both the reliability of the
forecasts themsdves, and their usefulness in forecadting the likely effects of the kinds of policies
mentioned above.

Thusthere is an imperative to enhance and improve the practice of travel demand forecasting and the
model systems on which these forecagtsrely. The needed improvements include the following:

1. Disaggregated models. Modd systems which rely more on the behavior of individuas, and less
on their aggregate behavior in arbitrary neighborhoods (“zones’) should come into greater use. Trave
behavior decisons should be modded individualy.

A broader range of travel choices should be forecast than istypical today, including aternative modes
such as waking, bicycling, and/or linked mode trips. Attitudes or stated preferences of individuds
should be explicitly modeled. In the past, travel modds have relied on quantifiable measurements of
variables such astrave time and cost. Emerging modeling techniques can now easily handle a person's
preference for fixed rail over bustrangt, for example. Such preference models should be given
increasing use.

2. A decreasein standardization. Microcomputer-based travel demand systems will increasein
popularity. While some modd systems will become more sophisticated, there dso will be agreater
reliance on gpproaches that require less data collection and are more user-friendly. Userswill be able
to customize their models, using established model theories such as demand eadticities, pivot point
gpplication of disaggregate logic modeds, and spreadsheets. Rather than using the standard Urban
Trangportation Planning System (UTPS) mode, travel demand modelers will assemble modes from
component parts for particular objectives.

3. Land useltransportation models. Land use models should be integrated with transportation
models. The effects of congestion (among other things) on location decisions are understood and are
incorporated into commercidly available, internationd land use models of the kinds described in
Chapter 1. Most U.S. models, however, are not equipped to smulate these effects.



Today, land use modds are just coming into use in the United States. As the following chapter
indicates, there are severa such modd s available. Some do not incorporate well the effects of land
prices, rents, and space availability on locationa decisons. Yet it iswell known that housing costs and
commercid rents are key determinants of current location decisions in metropolitan aress. In the future,
both the number and variety of interactive land use/transportation models should increase, as should
their use.

4.  Geographic Information Systems. Future moddswill evolve into database management
systems. Efforts are underway today to integrate travel demand systems with geographic information
sysems (GIS). Eventudly, dl transportation and land use data should be stored in aformat with
appropriate geographic coding. Thiswill permit avariety of geographic displaysto be easly produced.
GI S should become the means by which data should be not only displayed, but also stored, managed
and analyzed.

These four areas represent the directions in which improvementsin travel demand forecagting are likely
to occur inthe 1990's. They represent the leading edge of today's state-of -the-art, rather than hoped
for results from fundamentd research. The chadlengeisto trandate these developments into tomorrow's
“best” practice, and then into standard practice.

The principa obstacle to these innovations is government financia support. Modd system
advancements have taken place in Europe, Audtralia and e sewhere, in part because of strong central
government funding and influence. In contragt, there has been adecrease in U.S. trangportation
research funding at the federd level in recent years, dong with amgor delegation of authority to Sate
and locd government. Many state and locd trangportation agencies lack both the technica expertise
and the funding to develop newer, more sophisticated trangportation modeling systems. The authors
hope that the LUTRAQ project strengthens the case for the implementation of such systems nationwide.

A rolefor federd agenciesin this effort isimperative. State agencies must share this responsibility, aong
with regiona organizations.

The necessary basic research has been done. The challenge isto fund projects designed to demondtrate
the practicd vaue of these innovations, and then to educate congtituencies on the benefits of
implementing the new demongration systems. The pioneering efforts of the agencies and foundations
supporting this project will be, we hope, the first of many in this regard.

CHAPTER 1: ALTERNATIVE LAND USE M ODELS
Introduction

This chapter summarizes current information on the principa commercialy available modding sysems
which smulate the interaction between land use patterns and transport systems. In particular, it focuses
on the representation of the land use components of the various systems, in the sense of the different
types of land use that each system identifies, and the explicit relationships that are assumed between
land use, accessihility, and other economic factors.

The information presented here draws on published and unpublished work from twelve groups of
modelersin eight countries. The models, and their countries of origin, are lisged on Table 1; on the table



we dso indicate which of those modds are actudly available (perhaps in modified form) for possble use

Table1l. Models Reviewed for the Report

Name Country of Origin Available
1. TOPAZ Australia Yes!
2. MEFP LLE. Yes
3. ITLUP US.A. Yes
4. LILT UK Mo
5 AMERSFOORT Metherlands Mo
6 CALUTAS Japan Mo
7. DORTMUND Garmany Mo
B OSAEA Japan Mo
9 SALOC Sweden Mo
1. MEPLAN? UK Yes
11. TRANUS Venezuela Yes
12 TRACES Australia Yes
13. TRAMSTEP Australia Yes
14. TOPMET Australia Yas!

P Involventent of the author agency would be required.
I MEPLAN is a later version of MEP, both developed by Marcial Echerigue arnd Partners.

inthe LUTRAQ study.

The firgt nine modds were sdected for participation in the ISGLUTI study (Internationd Study Group
on Land Use/Transport Interaction), set up by the Transport and Road Research Laboratory (the
principa U.K. government transport research establishment) in 1981. Their findings were reported in
1988, and contain detailed reviews of the modd systems together with much useful background
information on trangportation/land use modeling (Webster et d, 1988). This study extended to a
detailed comparison of mode performance, but unfortunately lacked the resourcesto dlow dl the
modeling groups to participate. In the end, only DORTMUND, LILT and MEP completed dl the tests.
Asindicated on the table, of these fourteen, only MEP, ITLUP, MEPLAN (an extended micro-
computer verson of MMP), TRANUS, TRACKS and TRANSTEP are available for purchase/lease;
however, there are mature plans to market commercia versons of TOPAZ and TOPMET, so these will
be regarded as potentidly available adso.

Table 2 sets out means of contacting al of the agenciesinvolved. Telephone and FAX numbers should
be preceded by the appropriate international code.

This chapter is divided into four sections. Following this short introduction, we present a generd
overview of the moddsinvolved, drawing heavily on the materia in Webgter et d (1988). Thisis
followed by amore detailed gppreciation of the commercialy available modes, including operationa
and financid agpects. Findly, we give ashort summary of findings.



Table 2. Model Systems and Author Agencies

Model Company Address Contact FPhone (FAX)
TOPAZ SCIRD Graham Read |. Brotchie A5562211
TOPMET Highett (35533005)
Victoria 3190
Australia
MET Echenique & 49-51 High Street I. Williams 223840704
MEPLAM Partmers Trumpington (223840384
Cambridge
UK.
TLur S H. Pulman Dept. of City S.H. Putman 2158986207
Associates and Regional {2155732034)
Planning, Univ.

of Pennsvivania
Philadelphia 19104

USA
TRANUS Modelistica Regency Court F. Rickaby S0BeTI520
Rickaby 220 Upper Fifth (S0B666002)
Milton Kevnes
UK
TRACKS Gabites IO, Box 13078 . Smith 3669871
Porter Lid. Christchurch (3669870)
Mew Zealand
TRAMNSTEF E.J. Mairn M.T. LA, House E. Nairn 62497 6
& Partners 214 Northboume (62573032)
Av, Braddon, ACT
Australia

Overview of Transportation/Land Use Models: The Base in Neoxy
Figure 1 sets out in schematic form the basic concepts and linkages involved in most trangportation and

Figure 1. The Integrated Land Use-Transportation Model
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land use modedls.

Given that the objective isto predict the way in which different sub-areas (or zones) in the study area
will tend to attract different land uses (or activities, such as resdentia occupetion, retail shopping,



industry, education), the figure provides an illugtration of the interrelationship that can arise between the
activities undertaken in the zones and the transportation systems that link the zones.

Two digtinct 'Subsystems are identified, being:

1. theLand Use sub-system, within which, for agiven leve of accessibility associated with agiven
trangportation sub-system, market forces work to divide out available space between the different
activities, and

2. the Trangportation sub-systemn, within which, for a given activity/land use pattern and
trangportation network, a resulting pattern of movementsis predicted. In turn thisleads to a new
prediction of the accessihility of each zone with respect to the others, which can be taken as anew
input for the land use sub-system.

For example, condder the sequence of events following the introduction of anew link in the
transportation network (anew highway, or metro line, or even a dedicated bicycle path). The ability to
travel fagter, or cheaper, or Smply by a preferred means-of-travel affects the zones served by the new
facility, increasing or decreasing the attractiveness of those zones as alocation to visit to conduct any
particular activity.

Subsequently, asthe locationa attractiveness of a given zone increases, so do the demands it placeson
the trangportation system to bring the flows of people (workers, shoppers) and/or goods from
surrounding areas. Accordingly, the average cost (or time) of travel to the areaincreases aso. This
effect tends to reduce the attractiveness of the area, as does the tendency for rental values to increase.
Ultimately, if neither of these effects is sufficient to hdt the growth in activity in the area, capacity
redrictions of the maximum available space mugt take over to limit growth.

In fact, the systems aim to emulate alarge number of interrelationships between different groups of
people, with different objectives, each responding in its own way to the behavior of the other groups
and to any other changing circumstances.

Within the 'land use' box, the mgjor players are bus nesspersongentrepreneurs, private households
buying homes, land-owners (who are sometimes private households sdling homes) and planners. The
first two groups compete with themselves and each other for the 'best’ locations;, ‘accessibility' is afactor
involved. Landlords use this competition to adjust rents to their own advantage (up or down) and
planners intervene with regulations of various sorts.

Within the ‘transportation’ box, the mgor players are private travelers and transportation planners
(including system operators). Members of the first group compete with each other to find the 'best’
locations for out-of-home activities (work, shop, education, etc.), judging potential destinations on the
basis of the cost of reaching the destination and the quantity and quaity of the opportunities available
there. Transportation operators (public or private) use this competition to pursue their own objectives.
For example, public authorities generaly expend public money to minimize wasted time and cost in
travel; their options include congtruction of new facilities and setting fare levels. Private trangportation
companies, of course, are mainly concerned with maximizing their own profits.

The arrow from the 'transportation’ box to the 'Land Use box establishes one direction of influence;
from the processes in the "Transportation' box, accessibilities change. This affects the desirability of
locations in the ‘land use' box.

10



The arrow in the other direction completes the circle; from the processes in the land use box, the pattern
of gpatid digtribution (the quantities and qudities of opportunitiesin given locations) changes. This
affects the desirability of potentid destinations in the 'transportation’ box.

Whether these effects occur sSmultaneoudy, or sequentidly in some order over time, isindeterminate.
Equdly, whether an equilibrium point is possble a dl, let done reached in any period, is uncertain.
Practical mode applications must find ways to estimate dl the explicit interrel ationships they cover, and
aso ways to goply the rationships within a sequentid framework. The most common gpproach isto
assume that the trangportation system comes into an equilibrium within the current period given Current
land use; future land use develops more dowly, and is influenced by (and hence analyzed in relation to)
the trangportation characteristics of previous periods.

To this extent, the overdl modd can remain permanently out-of-equilibrium through any forecast period,
even though the trangportation sub-mode is assumed to sabilize.

Of course, many factors other than land use affect travel demand, and many factors other than

bility and rents affect land use patterns. The degree of emphasis given to sub-components of the
system varies according to the circumstances of the areabeing moddled. In practica terms, thishasled
to the emergence of two mgor identifiable groups of modd systems.

One of these groups contains the systems ITLUP, TRANSTEP and TRACKS. In these systems, little
or no attention is paid to the internal economics of the land market, in terms of the ways in which
differentia attractiveness for various land uses affects rentd vaues and findly ultimate land use mix. This
feature greetly smplifies the models, both for data requirements and for operational complexity.

MEPLAN, MEP and TRANUS, on the other hand, focus directly on competition and resulting rents as
ameansto confront available supply of land with the various demands of the different activities. This
increases the potential power of the models, but at the cost of a high burden of data needs and
computationd difficulty.

A second difference between the two groups concerns the calculation of the total size of the workforce
and the population. Inthe 'ITLUP group, both must be given to the system by the user. Inthe
MEPLAN' group, the user specifies only employment in the 'basic’ (non-service) sector. This latter set
of modds then infers both service employment and total population consistent with this 'basic
employment.

Inthefidd of (dmost) commercidly available packages, TOPAZ and TOPMET (aderivative of
TOPAZ) have asomewhat different orientation, at least in their most widdly, used forms. Where the
other systems attempt to predict what will happen, TOPAZ and TOPMET attempt to determine what
should happen, in the sense of which patterns of desgn (land use, or even building design) best match
some pre-specified objective of the system user. Thisis afeature which may prove of interest in this
study.

A find comment concerns the numbers of travel modes digtinguished by the modd systems. In
principle, thisis undefined, in the sense that the basic models ded with ,accessibilities which can be
caculated in agenera sense for multiple modes. In practice, it has not been usud to ded with non-
mechanized modes, such aswalking or bicycling. An extenson of the MEPLAN modd incorporating
non-mechanized modesis now under test in The Netherlands.
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Commercially Available Systems
This report identifies seven commercid packages which might be of interest to the LUTRAQ project.

Aswe have seen these seven fal into three digtrict groups. Beow, we ded in turn with the ITLUP
group, the MEPLAN group, and TOPAZ/TOPMET.

The I TLUP Group
This group contains the three packages ITLUP, TRACKS and TRANSTEP.
ITLUP

General Description. Professor Putman, of the United States developed the ITLLT as an addition to
the standard four-step transportation mode (as exemplified by the UTPS system). Essentidly, ITLLJP
extends the standard mode to ded with the location of employment and the location of households,

organized in such away that the future land use patterns are affected by both previous land use patterns

Figure2. ITLUF: Land Use — Transportation Interaction in Time
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and previous levels of accessihility (see Figure 2).

The land use oriented part of ITLLTP conssts of three submodels. Thefirst sub-model, EMPAL,
alocates employment to zones. In order to do o, it uses exogenous forecasts of total employment per
employment type (basic and non basic), together with zone-specific levels and trends in employment
growth and zone-specific measures of zona accessbility to the workforce,

Next, the resdentia alocation sub-model DRAM forecadts the future location of households given this
digtribution of employment. This part also uses measures of attractiveness (including accessibility) of the
zones. Theworkings of DRAM and EMPAL areillusrated in Figure 3.
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Figure 3. ITLUP: General Working of EMPAL and DRAM
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A third submodd (actudly within DRAM), LANCON, cdculates land consumption in a future year,
using base year information and exogenous forecasts.

DRAM aso generates (mechanized mode, 2 types) trips for three purposes, namely home-to-work,
home-to-shop and work-to-shop.

ITLUP dso offers mode-split, distribution and assignment modules; these are of andard form, and are
not relevant for our present purposes.

Representation of Land-Use. Aswith dl the other land use/ trangportation systems reviewed here,
ITLUP works on the basis of a user-specified zone syslem. A substantia amount of exogenous
information is needed in order to establish zona land use in base and forecast years.

Relationship Between Transportation and Land Use. Equations|(l) to I(7) (taken from Putman
1991), specify the two sub-models, both are based on singly-constrained spatia-interaction model
formulations, incorporating multivariate attractiveness functions.

13
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where

NT = households of type n residing in zone i

L} = vacant developable land in zone i

X, = 1.0 plus the percentage of developable land already developed in zone i
L! = residential land in zone i

a, ,, = (regional) coefficient of type n households per type k employee

a®, g7, q® ", s7, b, = empirically derived parameters

Mote that in DEAM all variables have the same time subscript.

The key equations are I(I) and 1(4). Equation I(l) shows that potentia employment in zone j occupying
workers from zonei is calculated on the basis of the previous population of zonei, the previous
attractiveness of zonej (in terms of jobs and area), and the current disutility of travel between the zones.

In some sense, then, this alows a representation of the workers choice of workplace location that we
placed within the trangportation 'box’ in Figure 1. Forecast tota employment &t zone j is then taken as
an interpolation between previous employment and the sum of these potentia levels over

Input Requirements. To represent the base situation, I TLUP needs data on employment for each
distinct employment 'sector’ the forecaster wishes to distinguish (3 to 5 are usud; exact definitions
depend on the nature of the area under study) and per zone, population per zone and per category (four

14



income groups are usud), land dlocation per zone and per activity, the trangportation network (links,
Speeds, capacities) of the areaand travel times per mode.

For cdibration, ITLUP requires data on employment per sector and per zone for the period subsequent
to the base year.

To produce forecasts, ITLUP requires the following exogenous future data: employment per sector,
regional population per category, trips per person and per purpose, and network data (links, speeds,
capacities).

Forecagts are done in five-year steps. Model output of arun for one forecast year becomes the input
for the next run.

Cdlibration Requirements. ITLUP contains a sub-program, CALIB, which returns estimates of the
unknown parametersin DRAM and ENIPAL.

It is understood that the cdibration of the LANCON sub-modd is dso smply and automatically
performed with a regression package.

Hence, cdibration requirements may be judged to be reasonably light. The mgor effort is alocated to
data collection.

Output. ITL represents output on azond level. Land use quantities presented are employment per
sector, population per income group and working/non working category, land dlocation per activity,
and vacant land. Also, ITLUP produces information on trips per origin/destination and purpose, trips
per purpose, income group and mode, average travel time per origin/destination per mode, and travel
energy per purpose per socia/car ownership group and mode. Also, it has an option to produce air
pollution information. ITLUP produces no planning and economic indicators. Bascaly, information is
presented in tables on a disaggregate level. Also, totas and Satistical details on aregiona bassare
presented. Graphics modules are available with ITLUP to produce maps and networks.

Extent of Validation. ITLUP has been vdidated in the sense that modd runs have generated
predictions which have been compared with the actud situation five years later. 1980 data on Kansas
City were used asinput to the model, and the results of one run (= 5 years) were compared to the
actud dtuation in the region in 1985. Identica exercises were carried out in Houston and Los Angeles.
Summaries of the results have been made available to the consultants only in the form of overal
goodness of fit at azond level, a measure which can be difficult to interpret without further information.
However, on the basis of these measures the five-year forecasts have been close to the actua outcome
in each case.

Operational Requirements. ITLLTPisprogrammed in FORTRAN. It runs on a mainframe, and for
a 300 zone system requires approximately 1000 Kbytes of memory and takes about 200 CPU seconds
to run.

Cost. The softwareis not for sdle separately. An agency or firm may hire SH. Putman Associates to
consult on amodel application project. Projects may be specified so that after the programs are
ingtalled and tested on the chent's hardware, the client receives a perpetud non-exclusive license for the
software. Ownership of the software and related documentation is retained by S.H. Putman
Associates.
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A typicd one-year project is $30,000. Generdly, the cost to an agency for training, ingtalation and
technical advice, including a software license ranges from $30,000 to $90,000.

Current and Recent Applications. The ITLUP modd system has been applied in severa metropolitan
aress. The development of the system started in 1971 using data for the San Francisco region.

Since then, it has been gpplied to urban regions such as Houston (client: Houston-Galveston Area
Council) and Ddlas (client: North Centra Texas Council of Governments) inthe USand Taipe in
Tawan (client: Transportation Planning Board of the Ministry of Communications).

Also, it has been usad in the less urbanized region of Sargevo, Yugodavia (client: Inditut za
Arhitekturu, Urbanizam, i Prostomo Planiranje).

TRANSTEP and TRACKS

TRANSTEP and TRACKS are commercidly available packagesin current usein Audtrdiaand the Far
East. Generd information and program specifications have been received for the companiesinvolved
(and are included in the Resource Materid inthe Annex). For our purposes, these two packages are
dominated by ITLUP, inthe sense that their [and use components are (on the evidence available)
inferior to ITLUP. In fact they are based on the ITLUP approach, but are less well devel oped.

Of interest, however, isthe extent of use. The TRACKS materia quotes use in some 20 cities (mainly
on traffic and trangportation studies) and TRANSTEP clams 31 users, with gpplicationsin 9 countries,

The MEPLAN Group

This group conssts of the sysems MEPLAN, MEP and TRANUS. In fact, we shall restrict ourselves
to MEPLAN and TRANLJS, MEP is an early, mainframe-based gpplication of the system now sold
under the MEPLAN name.

MEPLAN

General Description. The MEPLAN-model has been developed by Marcid Echenique & Partners
over aperiod of years, drawing on research conducted in collaboration with the group who were later
to produce TRANUS.

The approach uses Economic Base theory (North, 1955), which essentially dlowsit to generate the
study area population and employment endogenoudly, given forecasts of 'basic’ employment.

The second fegture of the system isthat it relies heavily on input/output modding techniques.

I nput/output matrices are built up in terms of activity-to-activity flows, where there are 9 activity types.
Activities 1-4 are household activities (persons residing); 5, 6 and 7 cover secondary and tertiary
employment, and 8 and 9 cover the (input) primary employment sectors.

The input-output tables then specify how much of each activity is required as input to generate one unit
of agiven activity in aregion asoutput. For example, jobsin aprimary industry require alabor force,
and thus also require the presence of households to generate the labor force; in turn, the households
place demands on services such as shops and schools, which in turn involves employment in service
sectors.
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Thus, based on information on (regiond) employment in basic sectors (such as manufacturing indudtries,
ports, CBD'S) and on an estimate (derived from base year information) of the number of households
that provide one basic worker, the system cal culates the number of 'basic-worker' households in the
region. These households are then alocated to resdential zones on the basis of a Sngly-constrained
gravity-model calibrated on base year data.

These households, after having been alocated to zones, must be supported by services such as shops
and schools. The modd cd culates the required number of jobsin the service sector and asafind step
determines the number of households that are involved in fulfilling these jobs. These households bring in
more people, who need to be provided with services, so that more service jobs are generated, more
service workers including their households move into the region, etc. The mode avoids possible over-
population in aregion by adjusting the rent of floor space in a zone to the demand in each iteration, and

Figure4. Spatial Input-Output Model for a Multi-Zone Example
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by respecting an absol ute maximum amount of available floor space. Figure 4 illustrates the process.

The trangportation section of the modd splitstravel demand in public (bus and rail) and private
trangportation, calculates travel times and costs and assigns trips to routes. Congestion is modeled by
redricting the capacity of alink. Trave time and costs are used in the utility maximization of location-
choice in anext period.

17



M odels

Representation of Land-Use. Most variables needed to mode land use are endogenousy
determined by the MEPLAN-modd itsdlf. All it needsis aforecast of basic employment in aregion
and asat of coefficients of the input/output matrix used to express relationships between activitiesin
Zones.

The zond population is divided by income into four household groups.

Rdationship Between Transportation and Land-Use. Equations M(l) to M(l 3), taken from the
ISGLUTI report, specify the MEP application and broadly specify MEPLAN. Together, these
equations perform the same role as the equations I (1) to 1(7), with the additiona transportation-related
feature that they determine trip generations M(5).

Over and above this feature, the system dso generates:

3.

Floor space made available for each activity in each zone M(2) (i.e. the actions of the businessmen
(and women) in creeting buildings);

Estimates of the demand for floor space for each unit of each type of activity in each zone M(4)
(at given rent and income for thet activity); this reflects decisions made by private individuds and
companies,

Demand for other goods and services per unit of each activity in each zone M(6) (given rent and
income); this also reflects decisons made by private individuas and companies,

Land demand M(7), smply related to floor space demand;

Tota demand for floor space in each zone M(12), at given rent levels, income and accessihility;
ad

Like, rent adjustment in each zone M(13) at given levels of rent, income and accessibility; this
represents the likely reaction of landowners in pursuit of profit.

Figure 5 illustrates how these rel ationships operate over time.
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Figure 5. Land Use Model Through Time (MEPLAN)
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Floor space location depends on profitability and available land:
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where

Xy = amount of activity s in zone i in time period t

AX,, = total increment of activity s in period t: this is exogenously determined for basic
sectors (s =8,9)
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= nth attribute of zone i in time period t-1, such as available land, previous basic
employment, etc.

¥eie-1

F,,, = floor space used for activity 5 in zone iin time period t
&F,, = total increment of floor space in time period t

Ty = floor space rent in zone i in the previous time period t-]
¢, = cost of building a unit of floor space

L, = maximum permitted floor space in zone i by zoning regulations during time
period t

am'ﬂ':ﬂr = parameters

Equilibrium Model of Land Use

Demand for activity s from zone j is estimated via input-output coefficients between that
acHvity (s = 1 .... 7) and all other activities (r=1.... %)

151':" B 2 T xr:. M3}

Equaticns estimating demand for floor space, travel and other goods and services are
utility maximizing subject to an income constraint:

Floor space demand per unit of activity (residential activities, s = 1 ... 4} in zone 1 is:

- - [l
- - - M4
£4i = Es * 1::! til. I: =:'. t- “ai s “2 I:; e

Trip generation demand per unit of activity (residental activities, s = 1 .... 4) in zone 1 is:

M%)
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Demand for other goods and services per unit of activity (residential activities, s =
1.... 4} in zone is is:
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Land demand is calculated directly from floor space, since the plot ratio is fixed in each
zone for the period:

= Hi{TI
1::,. l-::l..-""'“' Fi

Similar, but simpler equations are used for non-residential activities (s = 56,7).

From these demands a locational utility for each activity (s =1 .... 7} in 2one i is
calculated as:

1 £ n T
&
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Hence activities (s = 1 .... 7) can be located as a function of the various flows:
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and floor space rents are adjusted by the ratio of floor space demand to supply:

[+] -]
= M3
Fie " Tie-a IFH/FM:] '

21



where

a,, = input-output coefficient demand for activity r by activity s (r = 1..%e=1....9
f; = minimum requirement of floor space by unit of activity s

r, = floor space rent in zone 1

n, = minimum requirement of trip generation by unit of activity s

£,; = zonal trip cost for activity s in zone i

2, = minimum requirement of other goods and services by unit of activity s
¢, = cost of other goods and services

1,, = land area per unit of activity 5 in zone

I, = land area per unit floor space for activity s

P, = plot ratic in zone 1

1, = income of unit of activity s

u,, = locational utility of activity s in zone i

Z,;; = location of activity s in zone i to satisfy the demand in zone j

W, = attractivity for location in zone i of activity s which is determined in zone j in time

period t

"

e = travel ime between zones i and j in previous time period t-1

X 5.1 = amount of activities located in the previous time period

F? = supply (5) of floor space in zone i

¥ N,, = parameters

¥8,.,: AT = scaling factors

Input Requirements. To represent the base situation, MEPLAN needs data on employ-
ment per sector and per zone, population per zone and per category (four income
groups), land allocation per zone and per activity, floor space per zone and per activity,

the transportation network (links, speeds, capacities) of the area and a trip matrix for
purposes other than work or shopping. Also elasticities of household consumptien of

MEPLAN: Basic equations (from Webster et al. 1988)

Location of activities depends on two approaches. Totd basic employment (in activity categoriess=8
and 9) and tota floor space are provided exogenoudy as increments in each time period and alocated
to the zones endogenoudy in the incrementa models. Other activities, resdentid (s=1 .... 4) and
secondary and tertiary employment (s = 5,6,7) are estimated via input-output coefficients and alocated
to zones in the equilibrium modd of land use.

Incremental Models

Basic activity location (s = 8,9) depends on zond ttributes:
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Access to an up-to-date set of input-output tablesis also needed.

For cdibration, MEPLAN needs data on land alocation and floor space (both per zone and per
activity) in the period subsequent to the base. Findly, it needs awork trip matrix per mode and per
socia group for the base period.

In order to make forecasts, MEPLAN requires the following exogenous future data: employment per
sector for the basic sector, the level of land readjustment and network data (links, speeds, capacities).

Calibration Requirements. MEPLAN combines two cdibration techniques. For the linear functions
it uses least squares estimation; the non-linear functions are estimated by standard maximum likelihood
routines.

Output. MEPLAN presents output on zond level. Land use quantities presented are employment per
sector, population per income group, households per socia and car-ownership group, land allocation
per activity, vacant land and floor space per activity. Also, MEPLAN produces information on trips and
average travel time per origin/ destination per income group, and the amount of travel energy used per
mode. Air pollutionisoptiona. Finaly, MEPLAN produces some planning and economic indicators.
It is possible to get aggregate tables from MEPLAN.

A mgor problem with the type of output described above is that tables are hard to interpret for most
users. Therefore, some graphics modules are available with MEPLAN to make results visible in
diagrams, maps and even three-dimensiona pictures.

Extent of Validation. The commonly accepted definition of ‘vaidation' refers to the process of
checking the forecasts produced by the modd against the observations at alater date, using observed
vaues for dl exogenous variables between both time points. To our knowledge, MEPLAN has not
been vaidated in this sense.

Actud forecadts (rather than the mode structure) have been ‘vdidated' in the gpplication of the modd to
Bilbao and Sao Paulo, though the intervals of time between the forecasts and the surveys have been
very short (five years). The Sao Paulo results showed good aggregate forecasts, especidly in the
transportation sectors, though zona forecasts were less satisfactory. The forecastsin the Bilbao study
were mogtly fairly accurate.

Operational Requirements. MEPLAN is programmed in FORTRAN. The mainframe verson
tested in the ISGLLM study required 450 Kbytes of memory and took up to 300 CPU secondsto run
for an gpproximatdly 50 zone system.

The microcomputer version, operating on a powerful machine with appropriate specifications (especidly
afast disk) would be capable of operating with zone systems of up to 300 zones.

Cost. The MEPLAN modd consgts of four modules. They carry out the following tasks.

*  LUS Regiond economic/urban land use modes
*  TAS Freight/passenger trangportation mode including both public and private transportation

23



 TRED Interface between LUSand TAS
« EVALE Evduation of land use and trangportation effects.

The modules can be purchased separately. Prices at 5 October, 1990 (in U.S. dollars) are:

The modules can be purchased separately. Prices at 5 October, 1990 (in U.S. dollars) are:

MEPLAN Modules IBM-PC Compatible Other
LuUs % 7.500 $15,000
TAS 6,500 13,000
TRED 3,200 6,500
EVAL 4,250 8,500
Complete system 517,000 £34.000
{20% discount)

Simultaneous purchase of any bwo modules attracts a 5% discount.

Graphics Modules IBM-FC Compatible
TASG $2,500
EVALG 2,500
DIGITLZE 1,300
Complete system 5.000
{20% discount)
Maintenance
First year free .
Second and third years 15% of pu.rchaael price
Subsequent years subject to negotiation
Educational discount 507
Educational discount
{four-zone model) 85%

All pricesarein US $ at an exchange rate of $1.7=1 pound sterling, and are net of VAT, local taxes,
import duty etc.

Current and Recent Applications. As has dready been mentioned, MEPLAN has been applied to
the cities of Bilbao (client: municipdity of Bilbao) and Seo Paulo (dlient: locd authorities).

Other applications are the area of Cambridgeshire (private clients) and the city of San Sebastian (client:
Basgue Government and Diputacion Fora de Guipuzcoa).
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Recently, it has been combined with the Dutch Nationd Modd (travel modd) and applied to the
Amgerdam region (client: Dienst Verkeerskunde van de Rijkswaterdtaat). This processis dill in the
development stage.

Promotional materid and a summary of recent gpplications are provided in the background materid in
the Annex.

TRANUS

General Description. The TRANUS-mode has been developed by the Venezudlan company
MODELISNCA. Like MEPLAN, it makes explicit assumptions about demand and supply
relationshipsin the land market and uses Economic Base methods to generate regiond employment and
population. 1t dso uses concepts of individua utility maximization to generate demand for activity
location which is eventudly reconciled with the supply of both floor space and transportation access
through rent adjustments and the feed-back of trangportation system delays. Figure 6 illustrates the

Figure 6. Calculation Sequence Used by TRANUS (MEPLAN)
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sysem.

The trangportation section splits the trips generated in modes, using a hierarchica structurein which a
high-level choice between public and private transportation is divided between public trangportation
sub-modes.

Representation of Land Use. The land use modd uses erogenous information on basic employment,
and generates information about household types and other types of employment in away entirely
analogousto MEPLAN.
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Further details about the specification of necessary data inputs is not available a this time; we may
supposeitissmilar to MEPLAN.

Relationship Between Transportation and Land-Use. Changesin land use have an immediate
effect on transportation. Thisis modeled through matrices, aland use pattern generates functiond flow-
matrices per socioeconomic sector. These matrices are trandated into trip matrices per origin-
destination pair by the trangportation section of the mode!.

A change in trangportation changes land use in the following period.  Thisis based on the reasonable
assumption that activities do not react to the introduction of a new transportation facility or the growth of
congestion immediately, but after a period of time has dapsed.

Input Requirements. The modd input consists of the total basic employment in aregion, location of
activitiesin a previous time period, current land use policy, transportation cogts for a previoustime
period and a set of technical coefficients. The other variables are determined endogenoudly.

Calibration Requirements. Severa cdibration programs are included in TRANUS. Optimal
parameters for the utility functions of the land use section (logic-models) are estimated using the method
caled 'Search by Golden Section’. There are separate programs to estimate the parameters for the
trangportation section.

Output. TRANUS has been developed to eva uate the effect of policies. The output exigts of
histograms comparing variables such as employment, population, floor space and land values. The
histograms will show the differences between two sets of results, to show where growth has located if
the two runs correspond to two time periods of the same scenario, or to show the effects of policiesif
the runs correspond to two scenarios in the same time period. Correlations can aso be asked for.

Extent of Validation. Vdidation has been carried out on existing data, aswith ITLUP. Application of
the modd to urban land use planning on the idand of Curacao included a check-run for the base year
1981 and future year 1985. Policies as carried out in 1981 as well as validation-data for 1985 were
known. The TRANUS modd is quoted to have proved to give useful results.

Operational Requirements. TRANUS Verson 3.1 runson any IBM-PC XT, or AT, or other fully
compatible machine. It requires 850 Kbytes and takes about 15 minutes to run a 30 zone gpplication
on a8 MHz machine. Theimproved Version 4.0 (to appear in 1991) All require at least an IBM-PC
modd AT or other fully competible machine.

Cost. The TRAN-LISmodd Verson 3.1 costs $ 4,250, including documentation in English or
Spanish and one year of user support. The commercid price of the forthcoming upgrade from Verson
3.1to Verson 4.0 will be $850. Export sales of TRANUS outside the UK are not subject to Vaue
Added Tax.

Current and Recent Applications. In order to evauate urban land use planning, TRANUS has been
gpplied to theidand of Curacao and the city of La Victoria (Venezuel@). Both projects were carried
out for local authorities.

Regiond land use planning has been the object of studiesin Venezuda (Caracas-La Guaira Motorway;
Central Rallway system).
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Also, the model has been gpplied in a study concerning urban trangportation planning gpplicationsin the
city of Caracas and to mode the relationship between the spatia organization of society and its use of
energy in the area of eastern centrd England (Center for Configurationd Studies, The Open Universty,
UK).

TOPAZ/TOPMET

General Description. The TOPAZ-model was developed by Drs. Brotchie, Sharpe and Toakley
from the Divison of Building Research of the Commonwedth Scientific and Industrid Research
Organization, Audrdia It isan optimizing program, maximizing a user-gpecified objective function
subject to condraints.

Initsfirst and classica gpplications, the program was used to generate patterns of activity locations
which would be maximdly environment-friendly, in the sense of leading to low .vaues of paollution
emisson, energy consumption and so on.

The assumptions within the modd were thet travel demand could be forecast from spatid active
locations using entropnr-maximizing principles (to predict travel patterns conditiona on land use and
trangportation configurations). Welfare economics principles were dso used (to set an objective
function in terms of maximizing socid benefit). However, the mgor feature of the programisthet itisa
powerful optimizing tool for complex objective functions subject to certain restraints. The program can
be used on problems with very different scales, ranging from regionda land use configurations to the
organization of individud buildings (where the problems of interaction become three-dimensiond).
TOPMET isadevelopment of TOPAZ which has been particularly tailored to the more detailed leve of
planning.

Thefirgt step in the TOPAZ modd isto dlocate activities to the zones. Both employment and housing
are digributed such that aweighted sum of the costs of the urban infrastructure and the incurred
trangportation costs are minimized. Next, trips are generated, split into two modes (road and rail) and
assigned to the network. Trave time and cost are caculated. Also, cogts involved in either congestion
or maintaining the network in order to meet the demand are calculated, and so are the related land
prices. Finaly, the data are aggregated to the urban or regiona leve.

The outcome of one run serves asinput for the next, asisthe case with dl of the model systems
reviewed. Severa time periods can be handled either sequentidly or smultaneoudy. In that way, ‘a
model-run takes past decisions into account; aso, it can anticipate future decisons. Thisis especidly
useful in regions where land use and trangportation plans are known on beforehand.

Representation of Land Use. TOPAZ needs exogenous forecast of both employment per sector and
total population for the entire region. The modd itsdf alocates these to zones.
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During a model run, only location variables change. Composition of pepulation and
housing market are fixed - demand and supply are considered static.

In allocating activities to zones, TOPAZ uses attributes of work trips as attraction
factors. Also, it uses attributes of zones. There is no land price estimation, but the
objective function to be optimized contains infrastructure costs.

Land allocation is optimized by maximizing the net benefit (less costs) to be obtained
from interaction (travel} and land use, i.e.
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subject to the following constraints:

Zone capacity constraint {Le., total activity, accumulated over all time periods, cannot
occupy more than available area):
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Demand clearing constraint:
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Mon-negative constraint on activity allocation:

b
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where
X, = total activity of type r to be located in dme period t
X, = a portion of total actvity X, of type r to be allocated to zone i during period t

LX) = total merit (usually benefits less costs) of allocating a portion X, of activity r to
zone i in period t
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T it = @mount of interaction between the portion of new plus existing activity r in
zone i and the portion of new plus existing activity s in zone j for the mth mode
of interaction during period t.

Since TOPAZ is a general optimal location mechanism this need not necessarily refer to
travel, but in the ISCLUTI usage the interaction refers to numbers of trips and is
estimated using a doubly-constrained entropy-maximizing equation of the form:
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in which the function of net travel benefits, f{x},;z) splits trips between public and
private modes using a standard logit relationship.

0, = number of trips generated by activity r in Zone i in time period t
D, = number of trips attracted by activity s in zone j in time period t
Ay B, = flow balancing factors

d = distance of travel path (or travel time) between zones i and j for the mth mode of
interaction during tirne period t

x! s = benefit less cost of a unit of (transportation) interaction along a unit distance of
path
between zones i and d

xE, = benefit less cost of establishing and operating (E) a unit of activity r in zone i
during period ¢

j; = density per unit area of activity r
L, = area available for all activities in zone i

Relationship Between Transportation and Land Use. In TOPAZ, a change in land use
has a major effect on trip patterns and a minor effect on modal split in the same time
period. Also, a feed-back to land use itself from the transportation system can occur in
the same time period.

Equations T(1) to T(5) specify the system.

In the other direction, there are immediate effects of transportation cost on land use
factors. Only the location factors are adjusted during a run. This is most obvious in
employment, housing stock and population location. Industrial and retail location, as
well as land allocation, are less influenced by a change in transportation cost. In the
same time period, there also is a feed-back to transportation demand from the land use
mechanism.

Generdly, TOPAZ does not distinguish between population, housing and employment categories,
though with some effort the model can be adapted in a disaggregate fashion.

It isaso possible for linkages to be dlowed backward to a previous period, since the alocation of land
use in one period may achieve amore beneficia configuration if it takes account of future event.

TOPAZ permits this anticipation of future changes because it seeks a completely genera optimum
configuration.
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Input Requirements. To represent the base situation, TOPAZ needs data on employment (per zone),
population tota (or per zone), land alocation per zone and per activity, the transportation network
(links, speeds, capacities), atrip matrix, travel times per mode and trip lengths.

In order to produce forecasts, TOPAZ requires data on employment per sector and per zone, land
alocation per activity, constraints on land use, the transportation network (links, speeds, capacities), car
ownership and establishment costs of activities. Future travel times per mode and trip lengths may be
input to the modd, but may aso be caculated endogenoudy.

Calibration Requirements. Theland use modd of TOPAZ by its nature needs no cdibration: it isthe
solution to the problem, chosen to minimize weighted costs, where the weights are chosen by the
planner. These weights may vary in order to compare senstivities.

The trip-distribution part of the modd is cdibrated with sandard techniques, to maximize alikdihood
criterion based on observed trip patterns.

Output. Theland use part of TOPAZ produces output on zond level on employment per sector, tota
population, land alocation per activity, vacant land and the location of housesin the new Stuation. The
trangportation section generates output on trips per mode and per journey type, travel energy used per
origin and purpose and (optiond) air pollution as a consequence of travel.

Findly, the mode produces some planning indicators (accessibility per zone per trip type and per mode)
and economic indicators (developers cog, travel costs per mode and per trip type and margina cost of
incrementing activity leves).

Output is presented in tables, (color) graphics and line drawings.

Extent of Validation. TOPAZ has not been vdidated. The reason for thisis Sraight forward:
TOPAZ isan optimizing modd, and there is no reason to expect that the optimum land use
configurations will correspond with actua development. Therefore, the modd hasto be consdered a
tool for the planner to assst in decison making.

Operational Requirements. A mgor advantage of TOPAZ isthat it has very modest computer
requirements. The program was written in FORTRAN, it runs on a microcomputer, and for a40 zone
system it takes only between 5 and 30 CPU-seconds and requires 30 to 120 Kbytes of memory.

Cost. TOPAZ iscurrently only operating in experimental mode. It is planned to restore and upgrade it
to acommercid version at a price of around $2,500 per copy. The present version runs on alarge 386
or 486 MSDOS-machine but is not up to commercia speed yet. If necessary, CSIRO may be willing
to run TOPAZ for aclient in the mean time,

Current and Recent Applications. TOPAZ was originaly developed in 1970 to study the future
development of the Mebourne region, Austrdia (client: Mebourne and Metropolitan Board of Works).

After this sudiesin severd other urban areas followed (Blacksburg Virginia, client: loca authorities;
Gosford-Wyong Audtrdia, client: State Planning Authority of New South Wdes, Darwin Audrdia,
client: Nationd Capitd Development Commission).

Also, it has been gpplied to regiond areas (New River Vdley, Audrdia mainly academic purposes)
and on asmaller scale to arrange buildings on a university campus (Virginia Polytechnic Inditute and
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State University) or roomsin and location of hospitals (Sydney, Audtrdia; client: authorities of the City
Western Metropolitan Hospital Region).

Additional |ssues

The framework used above describes the mgjor modd systems, and the research done to date to
evduae them, leaving the following questions unresolved:

*  How wédl can each of the models be used to evauate the effect of urban design policieson
locationa decisions? To the extent that these policies have effects not measured in travel savings
or land rents, can their benefits be forecast?

*  How well can each of the modeswork if zones are as small as the 15-20 acre pedestrian pocket
which may be developed in Portland or esewhere?

*  How wdl or differently does each model respond to changesin trangportation policies generdly?
What levd of sengtivity does each digplay to the kinds of policiesto be considered in the
LUTRAQ sudy, such as pricing policies, dternative mode choices, and a variety of demand
management Srategies?

These questions will be answered in part by the LUTRAQ study itsdlf, and in part by other sudies
which undoubtedly will occur. The importance of these issues will insure that the tools are carefully
tested and enhanced as required.

Final Comments

This chapter reports on amagjor body of work that has been conducted by a number of different
agencies around the world. Methods and even objectives have differed between the different groups.

The ISGLUTI team has made a considerable contribution to the dissemination of knowledge about this
subject. Further materid has been supplied by agencies around the world, documenting models not
avalableto ISGLLM.

Thisisan areaof planning which is absolutely necessary to address to make progress with many typica
trangportation planning sudies; it isaso an area of the science which isin itsinfancy, not merely because
the subject isintrindgcaly o difficult to gpproach, but because of the wide range of academic disciplines
involved.

The mgor concluson from this review of available modds s that the choice between exiging sysems
depends very largely on time and money resources (the MEPLAN group being very expengve in terms
of data requirements and cdibration time) and what is actudly required in the way of output (the ITLUP
group giving no ingght into the development of rents or the land market). Further, if the objectiveisto
specify land use patterns, rather than predict them, only TOPAZ/ TOPMET offers adirect posshility .

The mgor vaue of the more complex systems may well be in the ingghts gained by the andlyst in the
data collection, anadyss and operation stages. If insufficient funds or time exigts to regp these benefits,
more direct means (e.g. market research methods to determine likely commercia and private demand)
might be considered as a supplement to the smpler gpproaches.
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From the materia gathered, and in the time alowed for consderation of the potential benefits of each
system, we have reached severd conclusions.

9. Of themodd systems examined, ITLLJIP, MEPLAN and TOPAZ/TOPMET are the three best
developed and potentially most useful packages.

10. Of these, we recommend the gpplication of the ITLLJIP package for the LUTRAQ project.
Because of the complexity of caibration, verification and gpplication of any interactive land use
modd, the availability of Dr. Putman, the model developer, for this project is highly advantageous.

11. Thetime-scde of LUTRAQ is not compatible with the acquisition, calibration and gpplication of
either MEPLAN or TOPAZ/TOPMET; they require large resources of data, manpower and,
particularly, experience to turn into useful planning tools in a given gpplication.

12. Inthelonger run, theideas within MEPLAN could contribute to an understanding of the possble
trends in land values and land uses in Portland; theideasin TOPAZ/TOPMET could add to the
evaudion of effectiveness of gpecific planning regulations and policies in meeting regiond
objectives.
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CHAPTER 2: SURVEY OF CURRENT PRACTICE
Introduction

This chapter contains an overview of the current state of the practice in travel demand modding. To
what degree do |eading transportation planning agencies incorporate land use data or modeling
procedures into their travel demand forecasts? To what extent do current models alow for the
inevitable interaction between trangportation and land use over time, and the effects of thisinteraction on
the location and overdl levels of travel demand? This chapter addresses these questions.
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M ethodology

To gather the needed information on the state of current land use and trangportation modeling practice,
the consultants undertook a survey of transportation plannersin the twenty largest Metropolitan
Statigtical Areas (MSAS) in the United States today. In addition, the consultants surveyed plannersin
two other metropolitan areas known to be at the leading, edge of domestic practice in the use of land
use data.

The objective in identifying candidate regions for incluson in this survey was to develop a sample which
we believe to be broadly representative of best practice trends. While it was important to be able to
describe specific practices in mgor regions, it was not essentia that the sample be either complete or
datidicdly sgnificant.

The survey process consisted of two phases. In the first phase, the consultants contacted one or more
individuas identified as most knowledgesble about trangportation modeling practices in their respective
regions. The consultants posed a series of questions to the interviewees to gather information on severa
broad topics:

*  current land use forecasting procedures,
e current trangportation modeing practice,
e current relevant public policy issues,

e current ar quality issues, and

*  current modding needs.

On each topic, the interviewers posed a series of open and closed ended questions, through a telephone
interview of gpproximately thirty minutes duration. Interviewees were given ample opportunities to
expand upon their key ideas.

At the close of theinterview, loca planners agreed to send additiond information to the consultants
concerning their models and gpplications. In addition the consultants arranged to transmit a one page
matrix to the interviewees. The matrix contained a series of variables frequently used in transportation
models. Theinterviewees were asked to identify the ways in which each variable affects travel
predictions for their region.. The interviewees indicated dl variables which were involved in adirect
relationship with key output of their model. Interviewees completed the matrix and returned it to the
conaultantsin atimely fashion.

Of the twenty-two regions sdected for inclusion in this sample survey, consultants were gble to
complete questionnaires for seventeen regions. Detailed matrices were returned for sixteen regiona
models.

The reader should note that dl the individuds interviewed were in the position of representing facts and
opinions concerning large and diverse regions. The consultants have conducted limited verification of
the information given by interviewees. Despite these cautions, the researchers believe that the findings
described below accurately represent the State of the practice. New information, or responses from
additiond regions, will certainly serve to enrich but not to change fundamentaly the findings and
conclusions.
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With responses in hand from a mgority of the regions sdected for inclusion in this study, the consultants
have found an ample base of information from which to draw conclusons. The sections which follow
contain summaries of the principd findings.

Findings and Conclusions

This section summarizes the principa findings and conclusions on mgor topics covered in the research.
In Appendix A, the reader will find a narrative summary of the mgor findings from each region
interviewed. Appendix B contains a copy of the questionnaire.

The Use of Land Use Data

The regions surveyed for this study can be grouped into four broad categories by the way in which they
Useland use datain their travel demand forecagting.

Thefirst group contains a plurdity of respondents to our questionnaire (see Table 3). While they
represent 42% of our sample, these agenciesin fact typify the vast mgority of regions using travel
demand models today, because the survey design involved a nearly 100% sample from the three other

Table 3. Use of Land Use Data in Travel Demand Forecasts
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Trangportation plannersin these regions essentidly use land data today the same way they did a decade
or two ago. Plannersin these regions have no models which develop an explicit land use forecadt.
Instead they use one or another regiona forecasts for population and employment as a surrogeate.



The job of assgning households, individuds, and employees to andys's zones smdler than the areafor
which forecasts were made is achieved essentialy by a consensus among planners and, on occasion,
public officids. The techniques for doing so varies from region to region.

While dl the regions surveyed use aforma mode for generating regiond forecasts of households,
population, and employment, (with some using more than one modd for this purpose), none of the
“traditiondigts’ use any forma model to alocate land uses among andyss zones. Furthermore, their
trangportation models do not have any means of showing how future trangportation systems impact the
digtribution of land use. Rather, land use datais incorporated as an input to the first step in the traditiona
four step trangportation planning process. The only means by which any feedback occurs from
transportation to land use is through the updating of regiond transportation forecasts and plans, which
occursin regions a five or ten year intervas.

Pannersin these regions have no means for assessing the land use impacts of incrementa changesin the
trangportation system. Nor do they have any means to assess the effects of other public policies (such
as demand management) on regiond land use.

A second et of regions use aland use forecasting mode to allocate land usesto small areazonesin a
systematic, quantitative manner, rather than in the relatively more judgmenta way which characterizes
traditiona, consensus-oriented alocation procedures. These forecasts are used in the traditiona manner,
as input to the four-step process. Among the regions using this “innovative’ gpproach are Councils of
Government in Houston-Galveston, San Diego, Kansas City and Ddlas.

All of these regions use the DRAM/EMPAL modd for this purpose. DRAM/EMPAL, asfully
described in the firgt chapter of this volume, isamodd which dlocates severd types of resdences and
employeesto individud andysis zones using travel impedances (time and/or money) as the principa
determinant of location choice.

One organization, the Middlesex-Somerset-Mercer-Regiona Council (New Jersey), has developed
enhancements to the traditiond four-step process, without the use of any land use modd, which take
into account the effects of aternative development patterns, and their urban design characterigtics, on
trip generation. The work involved a sketch plan modeling technique (a smplified representation of the
transportation network). The technique is described in the subsection (“ Specific Forecagting
Techniques’) which follows.

A third set of regionsisinvolved in atrangtion from “traditional” modding practice to a more advanced
and/or interactive set of modedls and procedures. This*“trangtiond” group isin the process of selecting,
cdibrating, or vaidating aformd land use modeing system whose forecasts they will incorporate
eventudly into their travel demand forecasting.

In the Pittsburgh, PA region, the Southwestern Pennsylvania RPC is investigating the feasibility of
developing its own land use forecasting modd. Thiswork isin itstheoretical stages. It does not appear
to be leading to the integration of land use and transportation models, but rather to the development of a
fixed land use forecagting system. All of the other respondents who fdl into this second category are
ingaling DRAM/EMPAL. They plan to integrate this land use modd with their exigting travel demand
forecasting systems, in the manner described below.
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The fourth set of respondents has developed Or licensed aformd land use modd and integr ated this
model into their regiond travel demand model in a manner which alows for feedback between
trangportation and land use over time. Thisinteraction, which mogt fairly smulates the ways regions
actualy grow and change over time, hasin severa cases been gpplied to anayze the long terms effect of
dternative policies (or combinations of policies) designed to reduce regiond congestion, improve
regiond ar quality or achieve other important regiond policy goas.

Only two regions have implemented techniques for amulating the interactive effects of transportation
system performance and household and business locationd decisions. Plannersin both Seettle and the
San Francisco Bay area have devel oped, tested and are using such systems. Each haslimitations,
however, which can and should be addressed by modelersin these or other regions. A well devel oped,
fully integrated, state-of-the-art land use/ trangportation mode does not exist in the United States today.

In fact, while there exists a consensus among academics and theoreticians on the superiority of an
interactive gpproach to land use/transportation modeing,' there are few comparisons of forecasts using
an interactive model (in which locationa decisons interact with trangportation system performance and
improvements) and forecasts usng afour-step modding system. Thereis a dear need for such
comparisons as part of any effort to advance the state of trangportation planning today.

Specific Forecasting Techniques

The travel demand forecasting techniques used in the mgor U.S. metropolitan areas are varied and
complex. It was not possible to sudy each in detail to determine its suitability for use in this project.
Instead, the study focused on how these models ded with the impacts of land use patterns on
trangportation forecasts. Other important issues, such as the treetment of non-motorized travel modes
(bicycle and walking) and whether the travel speeds and patterns predicted by these techniques are
consgtent with input speed assumptions, could only be addressed in the more detailed review of
Portland's moddls discussed in the next chapter. It should be noted, however, that few exigting travel
forecadting systems ded explicitly with non-motorized travel modds, and many do not include the kinds
of incrementa or iterative procedures required to ensure that input travel speed assumptions are
consigtent with output speed predictions.

In both cases, however, notable exceptions exist. 1n both the San Francisco Bay Areaand in Portland,
the travel modds are normaly iterated using updated travel speed assumptions on each highway facility
until the input speeds match those predicted using the find highway volumes. Also, anew trave
forecasting system now being developed by the Maryland-Nationa Capita Park Planning Commission
includes new methods designed to address both of these issues.

To address the use of land use-rdated variables in the forecagting systems of the major metropolitan
aress, data were gathered from sixteen regiona planning agencies. The forecasting systems of dl
agencies include some form of the relationship of travel as afunction of land use. However, the extent
of that relationship varies.

Land use, as measured by population, households, and employment totals by zone, is generaly
incorporated into the first step of the traditiona four-step modeling process, trip generation. In most
metropolitan areas, the second step, trip digtribution, relies on the gravity modd, in which no land use
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variables are inputs. The mode choice modd sometimes, but by no means dways, includes land use
variables. The fourth and find step, trip assgnment, does not incorporate such variables. Throughout
these four steps, most modding systems focus exclusively on motorized trave; trips by walkers and
bikers are usualy not consdered.

Sometimes land use varigbles are further refined, that is, subsets can be distinguished to exhibit afiner
leve of information. Examples of this further refinement include subdividing populaion and households
by income level, housing type, and/or age of householder. Also, employment can be subdivided, often
by industry type. Some forecasting systems dso deal with more minor aspects of urban travel demand
such as enplanements in airport zones and enrollment levelsin school, college, and university zones. The
extent of the effect of land use upon trangportation, once it has been thus quantified, is usualy not
investigated further. Little congderation is given to the effects of pedestrian and trangit-oriented types of
measures upon travel patterns. Thetypica four-step travel demand models generdly are unable to
reflect land use variables related to, for example, dendty/cluster development attributes or accessibility
by walking or other nonmotorized means.

Table 4 shows the types and frequency of use of variables as reported by the respondent agencies.
Most respondents generaly apply the typica approach to travel demand modeling as described above,
with and/or variations, such as incorporating an additiona land use-related variable at one or another

Table 4. Variables Used Directly in the Modeling Systems
of Survey Respondents
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point in the four-step process.

Based on the responses received in this survey, certain forecasting systems have characteristics which
cause them to stand out. For example, in the system used by the San Francisco Bay Areds
Metropolitan Transportation Commission (MTC), there are more and better defined land use variables
used in the trip production, trip distribution, and mode choice models. Each of these models includes
population, households, and employment varigbles.
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The MTC system merits recognition for its incorporation of variables in its mode choice modd.
Resdentia and employment densities, auto ownership, primary vs. secondary wage earners, travel
behavior, parking limitations, and parking cost variables are used. The income and worker variables are
aso present for the home-based work trip purpose. This more comprehensive formulation alows
greater policy sengtivity regarding land use-rdlated zond characteristics than mode choice modds from
other regions which typicaly have only three explanatory variables.

The MTC system has created an “interactive’ land use/trangportation modeing procedure by manudly
trangporting output from its transportation modd to itsland use modd, integrating it asinput to aland
use forecast for a subsequent time period. By thistechnique it smulates, at least through asmall number
of iterations, the interaction effects of congestion on location decisions of households and employers.

Inits logit-type trip distribution model MTC includes severd land use, worker, parking limitation, and
parking cost variables. Other than MTC, al regions except two use the stlandard gravity model
approach Dallas/Fort Worth and Portland. Portland's approach is described below. Dallas/Fort Worth
uses an income-dratified gravity model to reflect the fact that attractions and productions with common
income categories are likely to generate work trips, while those due to differing income categories will
not. MTC's gpproach, which in effect uses dl variables affecting mode choice dso in trip distribution,
provides aunique leve of sengtivity to land use-rdated varidblesin itstrip distribution modds. The
variables include income, auto ownership, and the “breadwinner” status of the traveler as Sgnificant
independent variables.

The Portland region forecasting system aso has characteristics of interest for moddling the
trangportation/land use interaction. This system goes beyond the basic land use data for input into trip
productions and attractions, for example, by including life cycle categories and subdividing the
employment variable by retail and college types.

For its mode choice models, Portland employs a two-stage approach. Thefirst stage isachoice
between motorized vehicular and other modes (e.g., wak and bicycle) and includes land use-related
variables such as retall employment within one mile from an aitraction, total employment, and retail
employment. The second stage determines the motorized vehicular mode shares for each trip purpose.
For amore complete forecasting system description, see the following chapter of this volume.

The Maryland-Nationd Capitd Park Planning Commission is currently developing a forecagting system
with unique features. 1t includes anumber of variables that are pedestrian and trangt-sensitive.
Examplesinclude the ratio of sdewak miles to street miles; the percent of jobs and the percent of
households within one-hdf mile of ral stations, and employment dengty (gpplied in the mode choice
modd). It has dso developed methods to reflect the effects of higher resdentid and employment
densities on “pesk spreading” (the tendency to redistribute peak hour trips to less congested times of
day).

The new Maryland forecasting system aso incorporates iterative travel forecasting procedures which
ensure that the highway travel times predicted for future scenarios are congstent with the times used as
inputs to the trip distribution and mode choice models.

The Middlesex-Somerset-Mercer (MSM) Regiona Council (located in Princeton, New Jersey) has
developed a modding system worth mentioning because of its method for smulating mode choice
without using traditional mode choice modds. Instead, vehicular trip reduction factors (TRFS) are
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gpplied to vehicular trip rates; vehicles are the only mode with which the forecasting system dedls.
These TRFs are defined for each trangportation policy/land use construct, each of which has been
designed to cause trip reduction through carefully sdected combinations of the following factors.

*  ovedl officeretail/housing n-dx,

e jobslhousng rdtio,

e totd employment,

*  dedgnintegration,

e proximity to ral trangt,

*  presenceof radia bus service,

e presenceof interna bus service,

»  condraned parking supply for commercid uses, and
*  increased resdentid dengdty.

These factors are not direct variablesin the forecasting system, but they are factors that bring about
varying vehicular reductions. TRFs affect the number of trips when gpplied at the vehicular trip
generation stage and are based mainly on recent observations of large-scae suburban activity centers
with as many of the factors listed above as possible. The MSM forecasting process thus represents a
holistic approach for representing the impacts of land use patterns on vehicular travel.

The Puget Sound Council of Governmentsis the only U.S. metropolitan areato employ afully
integrated trangportation and land use modding system, making use of DRAM/ EMPAL for land use
forecagting. Ther innovation isin the routine integration of land use data into their travel demand
forecasting procedures.

As shown in Figure 7, the Council's land use forecasting procedure involves the iterative devel opment of
population and employment forecasts for each analysis zone at ten-year intervas. (NOTE: The
feedback between the transportation model and the land use model is not shown on Figure 7, to
facilitate comprehension of the land use forecasting process.) The forecast procedures use travel
impedance data generated by the trangportation model to alocate employment and households. The
find travel demand and land use forecadts are the result of iterative, interactive forecasts for severd
previous time periods. This approach to forecasting was the basis for comprehensive, long-range
regiond trangportation and land use planning process completed by the Council in 1990.
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Figure 7. PSCOG Land Use Modeling Process
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Sesttles forecasting modd system, however, contains no forma means of distinguishing the effects of
urban design variables (such as pedestrian amenities) or urban form variables (such as density and land
use mix) on travel behavior (such astrip generation and mode-split). Furthermore, itstravel demand
mode does not make use of the kinds of enhancements developed and in place in San Francisco,
Montgomery County and elsewhere, described above.

The main implication of this survey, in the context of travel demand modding is that plannersimprove
current practice by incorporating land use variables at stages in the process besides trip generdtion, as
MTC and Portland do in the mode choice step and MTC doesin the trip distribution step. Secondly,
they can include variables that are particularly pedestrian- and trangt-sengtive asin the Maryland-




Nationd Capitd Park/Planning Commisson's forecasting system. Thirdly, planners can refine land use
data by disaggregating employment by industry type.
Changes of this nature keep the four-step process basicaly intact, however. To smulate the interactive

nature of trangportation and land use in a single forecasting system, planners need to adopt new model
structures, such as those that fully integrate land use and transportation forecasting procedures.

Public Policy Applications

A st of public policy issues nearly as numerous as the number of jurisdictions themsdvesisimpdling
planners and decison makers to improve their land use/trangportation modeling techniques.
Interviewess identified nearly a dozen digtinctive issues on the minds of voters and ected officids

Table 5. Policy Issues Requiring Enhanced
Transportation/Land Use Modeling

+ Congestion Management * Commuter Rail Construction /
Extensions
* Long-Range Transportation .
Improvements * Airport Siting and Expansion
= Air CQuality Management + Housing Location and Price
+ Downtown Revitalization + Private Financing of Transportation
Improvements

+ Urban and Regional Form

* Locating Future Public Fadlities
+ Transit Construction /Extensions

whose resolution will be aided by better models and planning practice. (See Table 5.)

Congedtion itsdlf is at the forefront of these concerns. Across the United States urban and suburban
congestion has reached high levels, with further congestion clearly on the horizon. From coast to coadt,
respondents indicated that congestion was a pressing regiona policy issue.

The routine preparation and updating of regiona transportation plansis leading a number of jurisdictions
to review the way they use land use data. In some cases these plans are mandated by state law (Los
Angeles, San Francisco, Portland) in others they are the routine updates required by good planning
practice (Boston, Dallas, Kansas City). In al cases, planners acknowledge that the time has come to
improve the qudity of land use data

Concerns over air quaity are concentrated in the West. Los Angeles, Orange County, Phoenix, and
San Diego dl are being driven to review their land use modeling procedures and their land use policies
and plans to reach compliance with regiond and federd air quaity standards.

A widespread concern for urban form is clearly leading many jurisdictions to consider better modding
procedures. Respondents across the country share a concern for the effects decentralization and
suburbanization are having on travel demand patterns. The relationships between dengty, niix, and
intengity of land uses and travel behavior are on the minds of al respondents.
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Spexcific plansfor congruction or expangon of light or heavy rail sysems are pushing plannersin at least
seven jurisdictions (Kansas City, Miami, Ddlas, . Louis, Minnegpolis, Orange County and Portland)
to review the relationships between transportation investment and land use. In addition, commuiter rall
plannersin other jurisdictions (such as Boston) are raising the same questions.

New highway congtruction planned for the Phoenix and Washington D.C. regions has led plannersin
those jurisdictions to rethink the land use/trangportation link. Plansfor athird mgor arport in Chicago
arerasing Smilar concernsthere. More generaly, concerns over the need for additiond public facilities
including schooals, sewer, and water have led planners to rethink the role of integrated transportation and
land use planning in San Diego.

The localized effects of trangportation investments on development in severd jurisdictions (Suburban
New Jersey, MinnegpolisSt. Paul and Chicago) have led planners to a more rigorous examination of
ways to alocate the costs for transportation investments between the public and private sectors. In
Kansas City arecent, strong interest in the role of the downtown in overal regiond growth haslead to a
fresh examination of transportation's contribution to urban form.

In Los Angeles and e sewhere, a concern over housing affordability and its link to urban sprawl is
behind many of the questions being asked about the ways in which transportation affects locationa
decisons.

This nexus of issues, while diverse, indicates clearly that the rel ationships between transportation and
land use are beginning to be better understood. As broad knowledge of the interactive effects of each
on the other becomes established in the public's mind, planners are being pressed for waysin which they
can forecast more precisdly. Theseissues clearly are not trangtory. The number of communities
focusing on these concernsis dill growing, asisthe intengty of ther interest.

Relationshipsto Air Quality Planning

Ascited earlier, the survey disclosed only a small number of regions (al in Cdlifornia) which are actively
examining the role which land use can play in improving air qudity. These regions are under substantia
pressure to comply more fully and more quickly with nationd ar quality standards.

In other gtates, the researchers found that land use planning as a policy tool to improve air quality is not
ranked highly on thefigt of policies currently under examination.

Modeler's Needs

When asked to identify the mgjor gaps in current modeling practice, interviewees described a set of
concerns which can be grouped into three broad topics.

Firg, most of the interviewees cited alack of adequate data as a mgjor impediment to the improvement
of modding practice today. Plannersin Los Angeles, Boston, New Y ork, Ddlas and Houston dll
indicated concern over the qudity of both current and historic land use data available for modeing
purposes. An equa number of respondents cited the quality and quantity of data on travel behavior as
an obstacle. Planners from Kansas City, Detroit, New Y ork and Minnegpolis, among others, noted that
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the origin/destination data on which they based their modelsis far out of date, and inadequate to reflect
the growth and change which has occurred in their regions. All respondents underscored the critica
importance of funding new data collection in thisarea.

Along amilar lines, plannersin New Jersey, Texas and Massachusetts cited an insufficient understanding
of the effects of different land uses on trip generation rates. They and others are seeking a much better
overview of the waysin which aternative land use patterns and transportation systems affect both the
numbers of trips and the means by which they are taken.

Secondly, respondents expressed concern over the options available for implementing long range
trangportation and land use plans. Plannersin Kansas City, the New Y ork region, and Houston
expressed concern over the inability of decision makers to reach consensus on loca and regiona land
use policies. In addition, they voiced concerns over the inadequacy of current tools (policies) to affect
regiona land use. They and others (in Chicago, Orange County, and el sewhere) expressed
disappointment with the process of obtaining interagency coordination. These concerns included the
inability of land use and trangportation agencies to coordinate their respective plans, as wel asthe
inability of trangportation planners a different levels of government to cooperate adequately.

Thirdly, respondents identified concerns related to modeling practice itsdlf. In some cases (such as
Miami) these concerns focused on the need for enhancements to existing travel demand forecasting
models to reflect better the effects of various public policies (such as the array demand management
techniques). A broader concern, however, related to the absence of models which explicitly integrate
transportation and land use forecasting into a single package. While afew regions (San Francisco and
Sesttle) have achieved successin this area, the vast mgjority of regiond respondents fill view thisasa
god. In mogt casssit is, indeed, a distant god, one to which they aspire but about which they have little
knowledge and no toals.

Summary Assessment

This survey of trangportation modeling practice in principa metropolitan areasin the United States has
confirmed the predominance of the traditiond, four-step trangportation planning process, in which land
use data serve as an input to the first step of the process and play no other role in affecting forecadts of
travel demand. Of the nearly two dozen metropolitan area organizations surveyed, most use the four-
step planning process today, though severd are making atrangtion to integrated modeling techniques.
Household and employment estimates are allocated to andlysis zones by a process of consensus, rather
than by the use of any more rigorous, quantitative methods.

A smdl subset of these agencies have innovated by introducing land use forecasting modelsinto their
trangportation planning process. However, only two agencies were identified which have devel oped
techniques for interactive transportation-land use modeling - the Metropolitan Transportation

Commission in the San Francisco Bay Area and the Puget Sound (Seettle) Council of Governments.

However, discussions with trangportation plannersin Boston, Los Angeles and Orange County, among
others, yidded information on the ways in which agencies in these areas plan to introduce more rigorous
land use forecasting and/or interactive trangportation/land use forecasting procedures. Clearly,
additiond agencieswill be doing smilar work in the future,
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A Aide vaiety of policy issues and problemsisimpdling planners and public officids to identify better
tools to forecast travel demand. Nearly a dozen issues ranging from broad concerns with traffic
congestion and regiond land use and urban form to very specific concerns over downtown revitdization,
arport expanson or facility financing are leading staff and officids across the country to rethink their
modeling procedures.

In addition to acquiring better and more up-to-date information on travel behavior and developing better
means to implement their plans, respondents to the survey identified the lack of adequate modding tools
asone of their three principa needstoday. Clearly, many of these practitioners have not evauated, and
may not even know of, the options available for enhancing their land use/ transportation modding
cgpability. Information on models available today, assembled in the first chapter of this volume, should
serve to cdose this knowledge gap in the future.

In conclusion, thereisaclear trend in the state-of-the-art in modeling today toward the integration of
land use and trangportation models, in response to two needs. Firgt, policymakers need to understand
the transportation consequences of aternative land use plans for neighborhoods, communities and
regions. Secondly, they need to understand the ways in which traffic congestion and new transportation
investments affect land development patterns. In both these cases, they need to foresee the waysin
which the complex forces shaping metropolitan areas produce results both intended and unintended,
affecting the qudlity of life of their congtituents.

The trend toward integrated models is clear, but not complete. Additional work developing, validating
and using these mode s for decison-making must occur for the process to retain its momentum and
reach an outcome satisfying to planners, policy-makers and citizens dike,

CHAPTER 3: THE PORTLAND FORECASTING SYSTEM
I ntroduction

This chepter describes the characteristics of the travel demand modeling system used in the Portland,
Oregon metropolitan area and evauatesits limitations in light of best practice methods, available modd
system enhancements, and state-of-the-art knowledge.

The chapter focuses on the linkages between the system's land use and transportation models and on
the land use variables used in the trangportation modd itsdlf. It describes the mgor dimensions of the
modeling sysem in detail. The limitations of the model system and its characteristics are identified in the
Summary Assessment.

The mgor eements of the Portland land use and trangportation forecasting system, and their
relationships, are shown in Figure 8. Each box in the flow diagram represents severd submodels which,
taken together, provide forecasts of a particular set of variables related to transportation in the Portland
metropolitan area. The arrows between boxes represent data flows: outputs of preceding models which
are used asinputs to succeeding models. A detailed description of the submodelsincluded in the
Portland forecasting system is provided in the Metropolitan Service Didtrict report Travel Forecasting
Methodology Report: Westside Light Rafl Prood (September 1989).
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Figure 8. General Structure of the Portland Land Use
and Transportation Forecasting System
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Model Dimensions and Subdivisions

Before describing the purpose and nature of each set of submodels, it is useful to outline the significant
dimensions or subdivisions which affect both model complexity and level of detail of the resulting
forecadts.

Geographical Areas. At thefinest leve, the Portland areaiis subdivided into over 1800 separate
geographica units. For typica trave forecadts, these are aggregated into 300-400 traffic analyss
zones. For land use forecadting, tota development isinitidly estimated for 20 digtricts, followed by
dlocationsto al 1,800 units within these didtricts.

Land Use and Demographic Variables. The basic variables provided by Portland'sland use
forecasting system are population; households by four categories of age of the head of household;
housing units, average household income; totd, retail and college employment; and college Sudents. As
demographic characterigtics are further detailed, distributions of households by various combinations of
the following six variables are devel oped:

*  household size - 4 categories,

*  household income - 4 categories,

*  ageof the head of household - 4 categories,
»  workers per household - 4 categories,

e autos per household - 4 categories; and

e children per household - 4 categories.

Trip Purposes. Six trip purposes, illustrated in Figure 9, are each predicted by separate trip
generation, trip distribution, and mode choice submodes:

*  home-based work: trips between home and workplaces;
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*  home-based schoal trips;

*  home-based college trips,

*  home-based other: dl other trips sarting or ending at home;

»  work-related non-home based: dl trips starting or ending at work and not starting
e  orending & home and

Figure9. Trip Purpose Used in the Portland Travel Model System
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*  non-work/non-home based: dl other trips not starting or ending at home.

Modes of Travel. For each trip purpose, pedestrian or bicycle trips and vehicular trips are predicted.
Vehicular trips are then further subdivided by specific modes which depend on trip purpose. Home-
work trips are subdivided into five modes:

. drive done

. shared ride driver;

»  shared ride passenger;

. trangt with wak access; and
. trangt with auto access.

Vehicular home-schooal trips are predicted for four somewhat different modes:

. auto driver;

. auto passenger;
*  publictrangt; and
. school bus.

All other vehicular trips are subdivided into three modes. auto driver, auto passenger, and transit.
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Times of Day. With the exception of the time of day models, au transportation forecasting dedls with
total trips on an average weekday. Time of day factors are then applied to provide trips during AM and
PM peak hours and peak 2-hour periods, and during al off-peak hours.

Network Facilities. The highway and trangit assgnment procedures predict travel volumes on
computer-coded networks congsting of 10,000 one-way highway links, many of which aso serve
trangit routes for which trangt volumes are forecast.

Major Model Element Descriptions

The following subsections discuss each modd shown in Figure 8 inturn. In each case, the modd's
purpose and its generd forecasting strategy is described and its input and output variables are identified.

The linkages between land use and transportation models are identified, aswell as the cases where
these linkages are desirable but missing.

L and Use Forecasting

The Portland forecasting system begins with aland use forecasting modd which provides projections of
future population, households, and employment by anadysis zone. This modd is made up of severd
submodels, some formalized as computerized procedures and others consisting of person-to-person
discussions, negotiations, and agreements. These submodédls, as used to develop Portland's most recent
land use forecasts for 1995 and 2010, include:

Econometric forecasts of tota employment for the entire metropolitan area, obtained from amode
developed by Wharton Econometric Forecasting Associates.

Trends/projections of Portland's shares of statewide employment by category.

The Regiona Growth Forum, made up of representatives of business, government and academiain the
region, which served as an “expert pand” to sdect afina set of growth rates for mgor employment
categories.

A regiona population forecast obtained from amode at the Portland State Center for Population
Research and Census, which considers the employment forecast developed by the Regiond Growth
Forum, projected labor force participation and unemployment rates, and the aging of the present
population.

Future population and employment growth totals were alocated to 20 digtricts within the metropolitan
area and to politica jurisdictions within these didtricts. This process occurred in growth dlocation
workshops in which planners for locd jurisdictions negotiated their respective shares of the regiona
totals based on their state-gpproved Comprehensive Plans and on the current plans of loca developers
to the extent that these were known. The Comprehensive Plansinclude expected “build out” levels of
development, while the plans of local developers dedl mainly with the next 5to 1 O-year period.

Within each paliticd jurisdiction, the find dlocationsto small aress (ultimatdy 1,800 underlying zones)
were performed ether by loca planners or by Metro, based on available land and devel opment trends
within paliticd jurisdictions.
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In summary, Metro's land use forecasts are based on a consensus process rather than on the results of
formalized forecasting models. Furthermore, future transportation systems, projected travel patterns,
and projected transportation levels of service are not congdered explicitly in developing these forecasts.

Of course, the forecasts do depend on implicit assumptions about future levels of public investment in
severd facilities and services including education, water supply, sewer systems, and transportation -
which will be needed to support the forecasted levels of growth.

Highway and Transit Systems

The specification of present and future highway and trangt sysemsisacrucid sep in the Portland
forecagting system. Detailed computerized descriptions of these facilities are needed to provide
measures of transportation levels of service, such astravel times and costs for input to many of the
models included in the system.  Initidly, these measures must be estimated based on current traffic count
and trangit patronage levels, but as future usage levels are predicted in subsequent models, these initia
edimates are refined, if necessary, to reflect the predicted traffic and patronage levels. Following these
refinements, the trip distribution, mode choice, and highway assgnment models are rerun to ensure that
consgtent travel times are used throughout the travel forecasting process.

Both existing and proposed future highway facilities are described by specifying the following
characterigtics for each one-way link:

. Digtance;

e Freeflow (no traffic) speed;

*  Number of lanes,

Capacity per lane;

»  Coordinates of the starting and ending intersections (nodes);

*  Codestoindicate link delay characteridtics, jurisdiction, and link type (freeway, arterid, collector,
etc.); and

e Exiging volumeleves

Existing and proposed future transit routes are described by specifying the sequence of highway or
trangt-only links which they traverse, aswell as the following route characterigtics:

*  Routename

*  Route mode (bus or light rail);

o Trangt vehicletype

*  Headway or interarriva time

»  Default speed on trangt-only links, and

»  Codesto indicate layover times and, for each link on the route, transit delay characteristics and
stop times.

After highway and trangt networks are specified using these variables, minimum path programs are used
to determine corresponding levels of service between dl zone pairsin the sudy area. For highway
networks, these levels of service consist of:

*  Peak and off-peak travel times,
. Travd distance; and
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. Trave cost.

For trangt networks, the following level of service measures are determined between al zone pairs for
both peak and off-peak conditions:

. In-vehicle travel times;
. Out-of-vehicle travel times (walk, wait, transfer); and
. Trangt fares.

In addition, the trangt network is used to determine the number of employment opportunities within 30
minutes of totd trave time by trangt from each zone.

Demographic Characteristics

The next mgor submode provides detailed forecasts of demographic characteristics for each andysis
zone. Thetota employment provided by the land use forecast is subdivided into retail and other
categories. Population and household forecasts by zone are subdivided into many categories based on
household size, age of household head, income level, number of workers, number of autos, and number
of children.

Subdivisions of households by sze, income, and age of household head are obtained using demographic
techniques such as a cohort survival model, to provide individua or margina distributions of households
by each of these three variables in each zone. Then, athree-dimensona matrix adjustment processis
used to revise a base-year household matrix to match the new margind distributions. Models based on
travel survey data are then used to further subdivide the households by number of workers, autos and
children per household. The variables included in these models are:

*  Householdsze

. Income class;

*  Ageof household heed,

*  Workers per household (after this variable is estimated using the worker modd); and
e Number of employment opportunities within thirty minutes of the zone by trangt.

This st of models for predicting demographic characteritics by zone provides much more detail on the
households in each zone than does the typical metropolitan aregls travel forecasting system, but it
includes only a single variable which reflects the transportation system. This variable is the number of
employment opportunities within thirty minutes by trangit, which affects auto ownership levels.
Furthermore, this varigble is the only trangportation variable which explicitly affects any aspect of
Portland's land use and demographic forecadts.

Trip Generation

Portland's trip generation models predict trip origins and destinations by each of the Six trip purposes
identified above. In generd, two modes exist for each trip purpose, one to estimate trip ends at home
(for home-based trips) or a work (for non-home based work-related trips) and one to estimate the
other ends of thesetrips. These mode s depend on the demographic characteristics of households
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predicted in the previous set of models, and on the following characteristics which attract trips to non-
home locations:

e Totd employment;

*  Real employment;

*  Totd households, and

e Students and employees at colleges.

Portland's trip generation procedures make extensive use of a number of household characteristics, but
do not reflect types of neighborhoods, such as single family versus multiple family housing or as
measured by housing densty levels. Also not consdered are large multi-use devel opments providing
housing, commercia, and employment opportunities in close proximity to each other. Finaly, measures
of the concentration of trip attractions, such as employment dendty, are not consdered. Empirica
evidence is available nationaly which suggests that these urban design factors tend to result in trip rate
reductions. (2)

Portland's trip generation Procedures dso fail to include consderations of how easy it isto travel to
various destinations from each zone consdered as atrip generator. Thus, the quality of the
transportation system serving a zone both highway and trangit facilities can be expected to affect the
tota number of trips made to and from the zone. A high levd of trangt service, for example, islikey to
result in more trips made from zones with many transt-dependent residents. Portland's failure to include
variables measuring urban design and transportation system characterigics in its trip generation models
is consgtent with the practicesin dl but afew U.S. metropolitan areas, but represents amagjor
shortcoming of its models for usein this project.

Trip Distribution

Portland's trip distribution models predict the linkages between the trip origins and destinations provided
by itstrip generation models. Separate trip distribution models exist for each of the Six trip purposes.

In each, travel times - peak times for work trips and off-peak times for dl other trips - provide a
measure of the separation or travel impedance between origin and destination zones. The time used for
each zone pair is ether the highway time or the trangit time, whichever is shortest. (Usudly the highway
timeisshortest.) Trips are more likely to exist between zones which are close to each other, but the
mode reflects the average trip lengths which actualy occur as travelers choose to make awide range of
trip lengths, ranging from very short intrazond tripsto very long trips.

Portland's use of asingle varidble in itstrip distribution models (beyond the trip origins and destinations
provided by the trip generation models) is aso typica of stlandard U.S. practice. However, this
practice is sgnificantly deficient because it fails to congder the impacts of trangt systems and levels of
service, urban design characteristics, and demographic characteristics on trip linkages. Thus, the
Portland trip digtribution models are not sengtive to variations such as the following:

The tendency of white-collar workers to work in the Portland CBD, and of blue-collar workersto
work in the region'sindudtria aress.

The tendency of trangt-dependent households to live and work in areas well served by transit and to
live within walking distances of commercid areas providing essentia goods.
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The tendency for higher income households to live farther from work and to make longer non-work
trips than low income households.

M ode Choice

Portland has developed a set of mode choice models which consder many factors affecting travelers
choice of travel mode for the trips predicted by the trip distribution models. These models, specific to
trip purpose, include land use, demographic, highway system and transit system variables. Unlike most
U.S. areas, the models consider walking and bicycles as potentia travel modes for trips shorter than
observed maximum distances for these *“non-vehicular” modes.

The land use and demographic variables which are considered in the mode choice modds are the
following:

e Autos per worker;

*  Autos per household;

»  Tripend areatypes. (CBD, City of Portland, eastern suburbs, western suburbs, or Clark County);

*  Real employment in production zone and within one mile of attraction zone;

e Ageof household heed,

*  Tota employment in production zone, within one mile of production zone, and within one mile of
attraction zone; and

e Other employment in production zone.

The Portland mode choice models are deficient because they lack variables related to detailed aspects
of urban design which affect trangt and pedestrian friendliness. Messures of the proportion of trip
lengths for which sdewalks or bikeways exig, the distances of buildings from public streets, and the
availability of bus stop shelters are not included in the modds, but these factors can be important in
attracting residents to walk, bike, and transit modes.

Portland's mode choice models for al purposes except home-based work aso fail to consider
trangportation system variables related to high-occupancy vehicle (HOV) lanes or other HOV priority
treatments. Because HOV priority trestments tend to be oriented to pesak period work trave, thisis not
amagor deficiency. In addition, the present mode choice models do not consider employer-based car-
pooling and van-pooling incentives, such as parking preferences and ride-share matching. Thus, while
Portland's mode choice models have severa features placing them at the cutting edge of the current
date of the practice in the U.S,, they nevertheless retain deficiencies which limit their usefulness. In
addition, the models may be able to be enhanced by alowing for better differentiation between the
attractiveness of various transit modes.

Time of Day

The Portland modd system includes purpose-specific time of day factors which are applied to daily trips
to obtain trips by AM and PM peak hours or peak two-hour periods. These factors are not related to
land use characteridtics, such as dengity levels, employment types, and the mix of commercid activities
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in azone; or to demographic characteristics such as occupation type. These relationships would be
useful in evauating detailed urban design options for selected devel opment aress.

Highway Assignment

Portland's highway assignment process represents the best of the current state of the practice. Vehicle
trips per hour are assigned to multiple paths between origins and destinations in an iterative process,
termed “ network equilibrium,” which results in the use of a number of paths having approximately equa
travel times. Asthe procedure's iterations are carried out, additional paths are added, and facility
volumes and times are adjusted toward an equilibrium state. Land use and demographic variables are
not included in this process, but no sgnificant relationships have been found linking these varigbles with
driver's choices of urban highway routes. Thus, the only deficiency of Portland's highway assgnment
procedure isits lack of explicit consderation of HOV's and highway facilities reserved for their use.

After the highway assgnment process has been completed, the resulting auto volumes and travel times
by facility are used to update the highway system. The updated highway system is then used, when
necessary, to re-estimate system zone-to-zone travel timesfor use in anew iteration of the trip
digtribution and mode choice models. 1dedlly, thisinformation, plus trangt levels of service, would aso
provide inputs to the forecasts of land use for future years and current-year trip generation.

Transit Assignment

Portland's trangt assignment process aso represents the best of the current Sate of the practice. Trangt
trips are dlocated to paths based on weighted peth travel times. In-vehicle travel times on highway links
are determined by adjusting the find auto timesto reflect typicd differences between bus and auto
Speeds due to bus stops and differencesin acceleration rates.

Summary Assessment

The Portland land use/transportation models are both complex and detailed. In totd, they represent one
of the most advanced travel forecasting systems available in the United States. In addition, they have
been estimated using advanced dtatistical procedures which ensure that they accurately reflect the
behavior of travelersin the Portland area.

In spite of al the laudable festures, however, the Portland models have two mgjor deficiencies which
limit their usefulness, not only for this project, but dso for the full consideration of many dternative land
use/urban design/transportation strategies which Portland should be evauating asit decides how the
Portland areawill change and develop in the future. These two deficiencies are:

e  Thelack of aformd feedback mechanism from the transportation system to the land use
forecasting process, and

*  Aninadequate consderation of many variables representing detailed urban design options which
can dow future vehicular travel growth in Portland.

Regarding the first problem, Portland's gpproach makes it very difficult to anticipate the system
responses to a particular policy. Initstraditional andyss, a series of exogenoudy produced estimates
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of trip demands, in the form of origin/destination trip matrices, is cdculated. The employment locations
and household locations, spatidly digtributed through alarge region, are prepared first. Edtimates are
meade of numbers of trips originating from each zone and terminating in each zone. Then, digtribution
procedures are evoked. These trips are assigned to the links of the highway network. Then, based on
the number of trips usng each link, an estimate is made of the congestion.

Once congestion levels have been cdculated, it is possible to trace through the network the minimum
cost paths from each zone to each other zone. The conventiona andysis procedure then identifies links
which should have capacity increases.

The difficulty with this procedure is that the congestion resulting from the initid estimates of trip makers,
and thereby from the initid estimates of the locations of employment and households, would result, over
along-term span of years, in are-arrangement of the locations of employment and households. To
properly estimate the congestion, it is necessary to know the congestion; and to properly know the
congestion, it is necessary to know the location of employment and population and the resulting demand
for trip flow on * the network. Thisisacasscd example of asystem which can only be properly
andyzed by use of some form of interactive technique which includes both the feed-forward and the
feed-back connections among the e ements of the system.

Regarding the second problem, it is now well known that urban design and development patterns do
matter when individua travel choices are being made. Studies of the conditions under which trangt
works, and other commute dternatives can prosper, have identified four key interrdated dimensions -
density, development size, land use mix, and design features (scale, coverage, etc.) (3,4)

Of particular importance is the Size of the downtown or other compact center. Focusing retail and
office usesin afew large centers results in higher trangt use and ridesharing then if these activities are
located in severd smdler centers. Mixing and clustering land uses can add greetly to the convenience
and dtractiveness of commute dternatives, making it possible for the employee to run errands or go out
to lunch without a car. Reductions of parking availability and increased parking charges are dso critica
factorsin mode choice.

Land uses and dengities also matter at the resdentiad end of the trip. For example, where resdentia
dengity is not only low but development is scattered over the landscape, and employment and retail
centers so are dispersed, transit service is unlikely to attract enough ridersto justify its presence.
Waking and biking trips aso tend to be impracticd in these aress.

Recent urban design projects have attempted to moderate travel demand and influence mode choice
through a conscious design process. (5) Designs provide for shopping and services near trangit station
entrances and exits; gpartments within easy access to department stores and work places; placesto
meet friends or engage in recregtion after work; convenience goods shopping near sngle family
residences; convenient places to wait for the bus or carpool; direct bike routes and pedestrian ways
linking housing to commercid centers and schools.

One of the ggnificant chalenges of “Making the Land Use/Trangportation/Air Quality Connection” isto
develop and gpply enhanced modds for Portland which take these findings and factors into account.
These enhanced models will overcome many of the limitations discussed above and thus provide a
useful tool for exploring urban design options designed to reduce vehicular travel, and for demongtrating
the impacts of transportation improvement decisions on land use growth patterns.
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APPENDIX A: REGIONAL SUMMARIES

A summary of the most rdevant findings and facts from each of the metropolitan areas participating in
the survey described in Chapter 2 follows.

New Y ork/New Jer sey/Connecticut

In the metropolitan New Y ork region, consisting of parts of three states, no single set of land use
forecasts exids. Each state and many substate agencies prepare their own travel demand forecasts and
land use inputs as required. Among the mgor organizations involved in forecagting are the New Y ork
Metropolitan Trangportation Council, the Port Authority of New Y ork and New Jersey, the Regiond
Plan Association, three state departments of trangportation (DOTS), and individua counties in the Sates
of New Y ork, New Jersey and Connecticuit.

Land use inputs to the trangportation demand modeling process are adapted from state and regiona
demographic and economic forecasts. The New Jersey and Connecticut DOTSs have their own travel
demand models. The Metropolitan Trangt Authority has ajourney to work modd for the tri-state area.
The Port Authority prepares population and employment forecasts.

Under an Urban Mass Transportation Adminigtration (UMTA) grant, work has begun on a model
relating trangt accessibility to land price and demand for the Regiond Plan Association. In addition, the
Association is undertaking work on its third Regionad Plan which involves a trangportation e ement.

Los Angeles

Los Angdes, through its Southern Cdifornia Association of Governments (SCAG), isin the process of
cdibrating aland use modd (DRAM/EMPAL) as part of anew regiond mohility plan. Theplan
focuses on the relationship between urban and regiona form, trangportation and air qudity. Theland
use forecasting model has not yet been fully calibrated and no integration with travel demand forecasting
has been undertaken as yet.

Localy deveoped economic and demographic forecasts are used as the basis for the alocation of
population, households and employment by andysis zone. A combination of technical andyses and
discussions are the basis for thisdlocation. While the Association of Governments has found this
process to be inadequate, the technicd difficulties of cdibrating aland use mode for so large aregion
have caused ddaysin the introduction of aforma regiona land use model.

SCAG isfocusing on the effects of aternative regiond development patterns as a Policy to bring about
compliance with regiona air quality standards; however, it has not achieved consensus on an
appropriate land use policy. Discussion has evolved from afocus on jobs-housing balance to afocus
on how various urban forms affect travel demand.

Chicago



In the Chicago region, the Chicago Area Trangportation Study (CATS) saff offer aregiond travel
demand forecast. Locally developed economic and demographic forecasts for the region are prepared
by the Northeastern Illinois Planning Commission (NEPC) and used by the CATS staff. The
Commission dlocates growth to one-hdf mile square unitsin Illinois through a combination of technica
andyses and interagency review. The dlocation of land uses and economic activity for the Indiana
portion of the region are done in aless quantitative fashion.

During the 1970's, aland use dlocation modd was employed by NIPC, but the model is no longer
frequently used for regiona land use forecasting purposes. NIPC hasinitiated a multi-year process
which is expected to result in the use of amore structured model at some future date.

San Francisco

The San Francisco Bay Area employs perhaps the most sophisticated combination of modeling
techniques of any mgor region in the United States. 1t has developed its own land use forecasting
mode (POLIS) which is capable of providing substantial sengtivity to the relationship between
transportation and land use. Output from this regional land use modd is carefully integrated into regiona
and travel demand forecadting. In addition, substantia loca review of the regiond forecast isaso
employed.

The Projective Optimization Land Use Information System (POL1S) alocates households and jobs to
114 Bay Areaanalysis zones. Subregionad areamodels take POLIS zones and alocate households and
employment to census tracts based on many variables.

Clearly the Bay Areaisan innovator in the gpplication of transportation/land use modding techniques.
Severad public policy issues oblige the Association of Bay Area Governments and the Metropolitan
Trangportation Commission to keep themselves at the leading edge of practiceinthisarea. Theseissues
include long-range trangportation plans, short-range congestion management programs, regiona air
quality concerns and ongoing litigation concerning the land use effects of proposed transportation
invesments.

The POLIS mode has been used for avariety of land use policy smulations. Results of relevant
smulations are available from the Association of Bay Area Governments.

Detr oit

The Southeastern Michigan Council of Governments (SEMCOG) employs atraditiona four step
trangportation demand modeling process, in which localy deveoped demographic and economic
forecasts are dlocated by consensusto its various analysis zones. The region experimented in the mid
1970's with aland use scenario gpproach to travel demand forecasting but later abandoned it.

Boston

The Centrd Trangportation Planning Staff (CTPS) works with the Metropolitan Area Planning
Commission (MAPC) on transportation and land use issues. To date their use of land use data can be
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categorized astraditional. However CTPS has recently begun the process of ingtalling and cdlibrating
DRAM/EMPAL for eventud integration into its region wide travel demand forecasting.

Separate land use forecasts have been prepared for Boston's Centrd Business Didtrict, as input to
network mode s for the Centra Artery/Third Harbor tunnel project. These models also use the four-
step process.

CTPSisin the process of enhancing itsair quality modeling capabilities as wdl asitstravel demand
forecasting procedures.

Dallas

The North Centra Texas Council of Governments has for sometime employed DRAM/ EMPAL to
prepare regiond land use forecasts. The most recent forecast was completed in 1986. The results of
thisforma modd are used as an input to the traditiona four step travel demand forecasting process; the
Council has not developed an interactive land use/ trangportation modding capecity.

In afederaly funded project focusing on suburban mohbility, the Council discussed the role which land
use can play in affecting overal travel demand. The Council is overseeing the implementation of
recommendations resulting from this project.

Pans are underway to enhance regiona mobility, both through the expansion of the region's highway
system and the introduction of HOV service, light rail and commuter rail. While dl these projects are
dill in the planning stages, land use issues are being examined.

Washington, D.C.

The Washington metropolitan area Council of Governments (WASHCOG) uses alocally devel oped
economic and demographic forecast and alocates land uses to zones through a “give and take process
to reach consensus’. This cooperative forecasting process is updated every three to four years, using
severd land use scenarios.

The agency's travel demand modding capabilities are, however, quite sophisticated. They have made
use of innovations regarding mode split and other variables, as developed by loca transportation
modelers. (See discussion on Montgomery County, in Chapter 2, above.)

In addition WASHCOG has undertaken a specid study, recently completed, in which the travel
demand consequences of dternative regiona land use plans have been smulated. Study results will be
available soon from the Council.

Houston

The Hougton-Galveston Area Council (HGAC) has had severa experiences with land use modeling
during the 1980's. It used a growth alocation model developed by the Rice Center during the early
1980's and briefly in 1986, but not snce. Currently the Council is cdibrating the DRAM/EMPAL
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model. Eventudly the Council hopesto integrate its trangportation and land use modeling capabilities.
The Council currently is relying on 1982 land use data.

Miami

Transportation and land use planning in Miami is governed by Horidas statewide growth management
planning law, which emphasizes concurrent provison of adequate infrastructure as a condition for
development gpprovas. The Metropolitan Planning Organization andyzes proposed land use
amendmentsto loca generd plans, while the County Planning Department alocates forecasts of
households and employment, updated at five year intervas. Use of land use datain travel demand
forecadting is traditiond.

St. Louis

The East-West Gateway Council of Governments oversees transportation planning for the eight county,
bi-state St. Louis metropolitan area. Use of land use datain the forecasting process is traditional.
Growth is dlocated through an “intuitive gpproach” involving an examination of avalable land aress,
recent land absorption and current zoning palicy.

Seattle

In the four county Sesttle region, the Puget Sound Council of Governments has recently completed a
multi-yesar process of preparing along-range regiona trangportation and land use plan. The plan uses
an integrated trangportation and land use modd, with DRAM/EMPAL. The Council used the
integrated modeling system to develop & least four dternative long-range regionda transportation and
land use plans and to modd the consequences of their implementation. 1t conducted extensive technica
gudies using the modding syssem. An extensive program of public education and discussion resulted in
the selection of one of the long-range land use/transportation dternatives as the preferred vision for
regiona growth through the year 2020. Copies of relevant technical studies can be obtained from the
Coundil.

San Diego

The San Diego Association of Governments (SANDAG) has been using forma land use models for
many years. They are currently replacing their rdiance on the PLUM land use modeling system with the
DRAM/EMPAL system.

The Association's land use forecasting process begins with a set of generalized current uses devel oped
from aerid photos. After introducing development constraint data and generd plan data, the PLUM
modd alocates activity by zones. It dlocated residences based on journey to work characterigtics,
zond attractiveness and development capacity. SANDAG's land use modeling has not resulted in the
integration of land use and transportation models yet.
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Phoenix

The Maricopa Association of Governments, in cooperation with the state's Department of
Transportation, prepares travel demand forecasts using the traditiona four step approach. They
dlocate state-wide employment and demographic forecasts to zones by a methodology which staff
acknowledged to be smpligtic.

During the 1970's the Association used the EMPIRIC modeling system, aland use forecasting model
popular a that time, but it has shifted away from it. The results of recent attempts to dlocate growth by
other means have proved disappointing, and the Association will be investigating the introduction of new
models or procedures.

Orange County

Orange County preparesits own population, housing and employment projections for the County and
its 69 planning areas. The projections are adopted by the County's Board of Supervisors, then
disaggregated by traditiona means and used in the four step planning process. The County isingaling
and cdibrating the DRAM/EMPAL land use mode for use in future forecasts and smulations.

Concerns about regiond air quality, public transportation feasibility and growth management are leeding
the County to become innovative in the gpplication of integrated modeling techniques.

Minneapolis-St. Paul

While the Twin Cities region has awell earned reputation for innovative solutions to regiond problems,
the Metropolitan Council employs the traditional four step trangportation forecasting process. It
prepares population, household and employment forecasts and assigns them by consensus to andysis
Zones.

An extensive, recently completed travel behavior survey will lead to the introduction to updated data for
modeling within afew years. To date, innovations in managing regiond travel demands have focused on
loca ordinances rather than regiona policy studies.

Kansas City

The Mid-America Regionad Council of Governments was an early user of forma land use models. It
gill uses amodified verson of the DRAM/EMPAL forecasting package to alocate regiond growth.
The Council continues to use the traditiond four step planning process in its demand modeing work.

Princeton, NJ

Midway between the Philadelphia and New Y ork regions, the Middlesex-Somerset-Mercer Regiona
Council, asmall non-profit organization, has undertaken a multi-year planning process in cooperation

58



with the region's loca governments. The planning processes involved a development of a sketch plan
network mode for the three county area. The Council has used this modd to smulate the travel
demand consequences of dternative regiond land use plans which they have developed.

While the Council, unlike NTO's and designated regiona Councils of Government, has no statutory
powers to prepare trangportation plans, it has pioneered in trangportation and land use planning through
its series of policy smulations, supported by a grant from the Urban Mass Transportation
Adminigration. Copies of Sudies are available from the Coundil.

APPENDIX B: QUESTIONNAIRE
Survey of Modeling Practice
City/Region:
Name of Interviewee(s)/Title/Telephone/Address

Introduction

Cambridge Systemdtics is the lead consulting firm in amultidisciplinary team, conducting a nationd
demondtration study of the relationships between transportation, land use and air quality at the loca
levd. The study is being conducted for 1,000 Friends of Oregon, a statewide land use advocacy
organization, with support from mgor national foundations and federa agencies.

The purpose of the study isto document the effect which dternative land use patterns have on travel
demand and, as aresult, on air quaity. The study will be complete in the Spring of 1992.

One early dement in our work is to summarize the state-of-the-practice in the integration of land use
planning/forecasting into trangportation travel demand modeling. We are seeking information on the
way's in which agencies incorporate land use data or modeling proceduresinto their forecasts.

We have identified your agency as.

[Whichever Applies]
. One of the mgor trangportation planning organizations in the country, in terms of the region you
sarve, [and/or]

. One of the trangportation planning organizationsin the U.S. working on improving the waysin
which land use planning and transportation planning are integrated; [and/or]-
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*  Oneof the organizations known to be usng an integrated land use and transportation modeling
sysem.

I'd like to ask you a series of questions about your current work. The interview should take
goproximately 20-30 minutes, Do you have any questions before we begin?

1. Concerning Land Use Forecagting
1. How areland use forecasts devel oped for your metropolitan area?
1. Consensus
2.  Prgections of exiding plans
3. Toreflect build-out of current zoning
4. Modd results
Explain:

2. What agencies or organizations are involved?

3. Towhat extent are the following types of models used as part of the land use forecasting process?

*  Localy developed economic forecasting techniques.

»  Regiona economic forecasting models (e.g., REMI, DRI, Wharton, Woods & Poole)
*  Lowry-typedlocation modd, (e.g., DRAM/EMPAL)

. Integrated Models, (e.g., ITLUP)

e Others.

Explain:
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Does the exigting or projected future transportation system have any impact on future land use
forecasts?

None.
Informal only
Formdly, viathe following modds. (Explain:)

Concerning Trangportation Models

1.

I'd like to get information on the types of variables used in your travel modeling system. |
think the eesiest way would be for meto fax a page for you to fill out. Isthat dl right with
you?

1.  Whatisyour fax number?

Also, do you have written documentation/descriptions of your modeling sysem? Can |
obtain a copy?

Concerning Public Policy

1

What has been the most important current/recent (last five years) public policy issue
addressed by your agency which has required the use of land use/trangportation moddling?
(e.g., regiond transportation plans, development reviews, regiond land use plans, capital
programming, etc.)

Please give a brief description of this mgor issue or group of issues (i.e., problem statement,
techniques used, organizations involved, results.)
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Rdationship to Air Qudity Planning
1.  Areyou familiar with your region'sar qudity planning work?

2. (If yes), have dternative land use patterns been considered as a policy to bring about
compliance with air quaity standards for Y our region? If so, please describe the process.

Concerning Modeling Needs

1.  Wha mgor gaps do you seein current land use moddling practice in your region (i.e,
moddling toals, data availability, etc.)?

2. Haveyou consdered dternativesto fill these gaps? If so, what policies toolsmodelg/data?

Other/Conclusons

1. Haveyou any other remarks or observations you would like to make concerning the
transportation/land use/air quality planning in your region?
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DATE:

PROJECT NO.: 29105.02

NUMBER OF PAGES. 2

If there are any problems with this transmission, please cdl us at (617) 354-0167.
Re: Transgportation/Land Use/Air Qudity Survey

1. Peaseindicate on the matrix on the next page, the types of variables which affect travel
predictions for your area. This can be done by putting an X in dl boxes which represent adirect
relationship between a variable type and the aspects of travel predicted by a particular
transportation model. Note that direct relationships can be due to any of the following conditions:

*  Thevdue of avariabdle enters a predictive equation directly.

*  Thevdueof avariableis used to define a category for which unique modd parameters and/or
predictive equations exis.

*  Thevdueof avaridbleis usad to define whether or not a class of trangportation optionsis
available for a particular market segment.

The following is an example of ardaionship which isnot direct:

Work trips are digtributed using a gravity model which requires the outputs of atrip production model
expressed as trips = (trips per worker) * (number of workers). Work trip distribution isnot directly
related to the number of workers. If you use standard gravity models for trip distribution, then trip
digtribution will not normally be afunction of any of the varigble typeslisted. In addition, the standard
UTPS or UTPS-type system does not use any of these variables in the highway assgnment and trangit
assgnment steps. In these cases, the corresponding columns of the matrix may be disregarded.

2. Add other mgor modds, such as auto ownership, in an empty column of the matrix and complete
the appropriate entries for the variable types listed in the matrix.

3. Pleasereturn the next page to us by fax as soon as possible. Our fax number is (617) 354-1542.
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