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3 THE URBAN TRANSPORTATION
PLANNING PROCESS

ERIC I. PAS
Duke University

The title of this chapter implies that
there exists a single, def in i t ive urban
transportation planning process, but

this is not the case. Transportation planning
in urban areas is conducted at d i f fe ren t tem-
poral and geographic scales by various orga-
nizations having diverse objectives and
responsibilities. Furthermore, urban trans-
portation planning is constantly evolving and
has undergone considerable change during its
lifetime of approximately 40 years. Neverthe-
less, there is a general understanding of what
is meant by "the urban transportat ion plan-
ning process," and it is this process that is
described here.

The traditional view of planning is that its
purpose is to guide f u t u r e decisions, that is, to
develop a master plan to be used as a frame-
work within which specific decisions can be
made in a rational manner. This view of plan-
ning, often referred to as Bolan's (1967) "clas-
sical model," underlies the urban transporta-
tion planning process that developed during
the 1950s and 1960s. This type of planning
emphasizes long-range forecasts of the per-
formance of regionwide systems, with the

transportation plan being the backbone of
the urban master plan.

By the end of the 1960s, societal changes
began pushing the urban transportation plan-
ning process in new directions, and urban
transportation planning began increasingly
to be recognized as an activity that provides
information to decision makers on the con-
sequences of alternative courses of action.
Planning can serve a number of other purpo-
ses as well, including (1) educating planners,
decision makers, and the general public, (2)
responding to regulations, and (3) supporting
the image or position of the planning agency
or important decision maker (deBettencourt,
Mandell, Polain, Sauter, & Schofer, 1982).

The remainder of this chapter has five sec-
tions. The second section provides a brief his-
torical review of urban transportation plan-
ning. This review shows how the process of
urban transportation planning has been
shaped by, and has responded to, broader so-
cietal changes. The third section provides an
overview of the urban transportation plan-
ning process, which is viewed here as com-
prising three phases; namely, preanalysis,



mock-Imp, and technical analysis, and post-
ana lys i s , Each of these phases is described in
some d e t a i l in the middle sections of this
chap t e r . The f i n a l section summarizes the
c h a p t e r ,ind concludes w i t h a br ief examina-
t ion of the outlook for u r b a n t r anspo r t a t i on
p l a n n i n g

1 his chap te r describes the urban t ranspor-
t a t i o n p l ann ing process as it has evolved in
the Uni ted States. Somewhat s imilar p lan-
n i n g processes have developed and been ap-
plied in most of the Western i n d u s t r i a l na-
t i o n s , ,'i!though the processes and technical
tools employed by planners vary somewhat
across countr ies . These d i f fe rences ref lect , to
some extent , var ia t ions in t ranspor ta t ion po-
l i i _ y Formulation and decision making r e s u l t -
ing f rom diverse p o l i t i c a l ideologies (Cofcord,
1979) '

HISTORICAL REVIEW OF URBAN
TRANSPORTATION PLANNING IN
THE UNITED STATES OF AMERICA

The Early Days

Prior to the mid- 1940s, u rban t ranspor ta t ion
was dominated hy t r a f f i c engineers who were
concerned with specific problems such as a
congested bridge or intersection. In 1944, the
B u r e a u of Pub l i c Roads conducted the f i r s t
"or ig in de s t i na t i on ' ' survey, which was the
f i r s t a t tempt to collect data tha t would con-
t r i b u t e to an unders tanding of observed t r a f -
fic volumes. In ear l ie r t r a f f i c - c o u n t studies no
e f f o r t war. made to unde r s t and the u n d e r l y -
ing t r a f f i c - g e n e r a t i n g process (Oi & S h u l d i -
ner . 1962)

The urban t ranspor ta t ion p lanning process
began developing in the Un i t ed States in the
ear ly 195(ls to address a problem that had
exis ted in one f o r m or another for many
years , even centur ies (Slopher & Meyburg,
1975} An impor tan t factor in the develop-
ment of the ana ly t ica l tools tha t formed the
Kis i s ol early u r b a n t ranspor ta t ion p lann ing
' . t u d i r ' i was thr emerging a v a i l a b i l i t y of dig-
i t a l computers capab le of manipulating rela-

t ively large quantit ies of data. These com-
puters, however limited by today's standards,
allowed planners to examine urban travel
pat terns on a regionwide basis and encour-
aged ef for t s to develop mathematical equa-
t ions describing these patterns.

A large number of other factors contr ib-
uted to the development of the urban trans-
portation planning process in the United
States dur ing the 1950s. They include (1) rap-
id population growth (par t icu la r ly in urban
areas), (2) rapid growth in car ownership,
brought about by considerable growth in real
income, (3) increasing movement of popula-
tion to suburban areas, and (4) increasing fed-
eral involvement in funding urban develop-
ment while requiring comprehensive urban
planning.

Pioneering urban transportation studies
that used the emerging analytical techniques
were under taken in San Juan, Detroit, and
Chicago in the mid-1950s, The Detroit Study
was the first to employ a process that in-
cluded data collection and goal formulation,
development of forecasting procedures, and
testing and evaluation of alternatives. These
studies were followed by a number of others
in the late 1950s, including those in Wash-
ington, D.C., Baltimore, Pittsburgh, and Phil-
adelphia. Each of these studies was a region-
wide effor t undertaken by a large full-time
s t a f f . Most employed the computerized
procedures developed during the Chicago
Area Transporta t ion Study and had the ob-
jec t ive of forecasting f u t u r e trip-making pat-
terns and producing a long-range, regionwide
transpor ta t ion plan. The emphasis in these
studies was on planning a highway system
that would cater to the expected large in-
creases in automobi le travel in u rban areas.

The Institutionalization of Urban
Transportation Planning

A major tu rn ing point in the development of
the urban transportation planning process
occurred wi th the passage of the 1963 Federal
Aid Highway Act. This act required that ur-
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ban areas employ a continuing, comprehen-
sive, and cooperative transportation planning
process (dubbed the 3C process) in order to
qualify for federal matching funds for con-
struction of urban transportation facil i t ies.
By referring to urban areas rather than to
cities, the act ensured tha t transportation
planning would take place at the metropol-
itan or regional level, rather than the city
level. The act also allocated funds specifically
for planning and research.

The Bureau of Public Roads soon began
implementing the p lann ing requirements of
the legislation and issued memoranda per-
taining to all aspects of the 3C planning pro-
cess. Between 1963 and 1967, the Bureau
published a large number of manuals dealing
with the technical aspects of the planning
process, and the procedures developed in the
1950s and early 1960s were thereby codified
and inst i tut ional ized (and subsequently be-
came the technical standards for the coming
decade). AJthough this meant that forecast-
ing tools became available to a larger com-
muni ty of planners, once a par t icu lar set of
procedures became readily available and was
insti tut ionalized, there was great resistance
to change. The early forecasting procedures
were developed during ongoing studies by
planners who needed practical tools that
could be employed immediately, at a time
when highway planning was the major con-
cern, car ownership was increasing rapidly,
and both na tura l and monetary resources
seemed abundant . Thus, the technical proce-
dures that became insti tutionalized as part of
the urban transportation planning process
were oriented almost exclusively toward
analysis of long-term, capital-intensive ex-
pansions of the transportation system, pri-
marily in the form of highways.

Adaptation to Change

The decade beginning in the early 1960s saw
substantial changes in American society. The
major new thrusts were the struggle for civil
rights and increasing concern for the environ-

ment; both had important impacts on urban
transportation planning. The civil rights
movement highlighted the question of the
distr ibution of the impacts brought about by
transportation system changes and raised
awareness concerning the transportation
needs of the poor, the elderly, and the handi-
capped. The increasing concern for the en-
vironment during the 1960s culminated in
the National Environmental Policy Act
(NEPA) of 1969, which h?-i direct effects on
transportation planning and policy. (These
effects are described in detail in Chapter 16 of
this volume.)

In September 1975, the Federal Highway
Administration (FHWA) and the Urban Mass
Transportation Administration (UMTA) is-
sued joint regulations to guide urban trans-
portation planning (United States Depart-
ment of Transportation, 1975). These new
regulations may be seen, at least in part, as a
response to the societal changes described
above. A major change in the planning regula-
tions required a transportation plan to con-
tain both the traditional long-range element
as well as a short-range transportation sys-
tem management (TSM) element. In partic-
ular , the regulations published in 1975 spec-
ified that certain options be considered in the
development of the TSM element. These op-
tions can be characterized as being low-cap-
ital-cost alternatives that 'an be implemen-
ted in a relatively short time frame and that
aim to make better use of existing facili t ies,
either by operational changes or by better
management of travel demand. In addition,
these options address concerns regarding en-
ergy, the environment, and the provision of
transportation services for the elderly and
handicapped. Options entailing operational
changes include implementation of high-oc-
cupancy vehicle (HOV) lanes on freeways
and arterials and bus priority schemes at sign-
alized intersections. Options designed to
manage the demand for travel include
schemes for flexible and staggered work
hours and automobile-free zones. The 1975
regulations also specified, for the first time,



cha t u r b a n t r a n s p o r t a t i o n changes he pro-
grammed for implementation by requ i r ing
the fo rmula t ion of a rnu l t i yea r t r anspor ta -
tion improvement program (TIP) consistent
with the t ransportat ion p lan .

1 he 1975 regula t ions tcpresent a major
change in the philosophy of u rban t ranspor-
t a t i o n p l a n n i n g . The regulations required
planners to consider options that would ei-
ther reduce the peak demand for travel or
that would increase the person-carrying ca-
pacity (as opposed to vehicle-carrying capac-
ity) of ex is t ing systems, r a t h e r than cater to
the an t ic ipa ted f u t u r e demand for travel by
inc reas ing the supply of t ranspor ta t ion ser-
vices I he s h i f t in emphasis away from high-
way sys tems and toward m u l t i m o d a l t r a n s -
po r t a t i on systems is re f lec ted by i n s t i t u t i o n a l
name changes t ha t occurred at t ha t time. For
example , the Highway Research Board be-
en me t h e I ran sport at. ion Research R u a r d ,
and i he Amer ican Association of State High-
way O f f i c i a l s became the American Associa-
t ion of State Highway and Transportat ion
O f f i c i a l s , and State Highway Departments
were general ly renamed State Depar tments
of "i ransportation.

T r a d i t i o n a l l y , u r b a n t r anspo r t a t i on p lan-
ning had been considered a technical process
in which q u a n t i t a t i v e tools are used to per-
form objective analyses to arrive at object ive-
ly chosen s o l u t i o n s to technological prob-
lems, By the late 1960s, however, the pol i t ical
na ture of urban t r anspor t a t i on decisions be-
gan to be recognized together with the need
to "open" the p lanning process to allow
meaningful ci t izen part icipat ion (sec Chapter
1 1 of th i s book). The roles of the technical
team, the decision makers (usually elected of-
f i c i a l s ) , and the community required modifi-
cation in this changed environment (Hansen
& Lockwood, 1976) In the revised p l a n n i n g
process, the planner works wnli the commu-
n i t y , r a t h e r than planning for the commun-
i ty . The planner also provides in format ion
and ideas to the community and the decision
makers , r a t h e r t h a n m a k i n g recommcnda-
l lorr, lo (he dei i.sion m a k e r s I wo major re

views of urban transportation p lanning stud-
ies, u n d e r t a k e n in Boston and Toronto during
the mid-1970s, are prototypical examples of
the ''open" urban transportation planning
process (Gakenheimer, 1976, Pill, 1978).

The considerable changes in urban trans-
portation planning issues and concerns also
had important implications for the methods
used in the planning process to forecast travel
on alternative transportation systems. First,
the travel forecasting methods had to be able
to deal with a much wider range of options,
including so-called policy options (as opposed
to physical fac i l i ty options). Second, the fore-
casting tools had to be able to produce both
long- and short-range forecasts. In part icular ,
the short-range forecast ing tools had to be
able to produce results much more quickly
and at much less cost than the traditional
long-range forecasting tools. Third, the new
plann ing process required forecast ing meth-
ods that allowed the assessment of the im-
pacts on specific groups of the population.
Fortunately, during the late 1960s, transpor-
tation researchers had begun developing trav-
el analysis tools that respond to these needs.

Federal Disengagement and the 1980s

Changes in the urban transportation plan-
ning process through the 1980s can be attrib-
uted primarily to the Reagan administra-
tion's desire to reduce federal involvement in
what the adminis t ra t ion considered local and
state government responsibilities. The re-
vised regulat ions issued jointly by FHWA and
UMTA in June 1983 (United States Depart-
ment of Transportation, 1983) mark another
major turning point in the evolution of urban
transportation planning in that they reduced,
for the f i r s t time, federal requirements and
responsibilities. In particular, although the
federal government remained committed to
an urban transportation planning process of
the 3C variety, it no longer specified how
that process was to be performed, and many
of the elements were to be self-certified by
local p l a n n i n g agencies (Weiner, 1992).

THE PUNNING PROCESS

The latter half of the 1980s was a rather
uneventful period in the history of u rban
transportation planning in that the sMfws quo
was generally maintained as far as the process
itself was concerned. On the other hand, the
continued entry of women into the labor
force, decreases in average household size
(with more households headed by a single
parent or comprised of a single adult), and
continued movement of jobs out of central
city areas led to considerable increases in car
ownership and vehicle-miles of travel
through the decade, and travel patterns
changed substantially, These changes placed
increasing pressure on urban transportation
facili t ies and services.

During the 1980s, suburb- to-suburb re-
placed suburb-to-city center as the predom-
inant commuting pattern in the United
States (Pisarski, 1987), The vast majority of
such trips, f rom one low density area to an-
other, are made in single-occupant automo-
biles on highways that are simply not de-
signed to accommodate such high volumes of
t r a f f i c . At the same time, the era of inters tate
highway construction was coming to an end,
and capacity was not being expanded at a
rate even close to the increase in t r a f f i c . As a
result, suburban congestion became the focus
of much at tention, The irony of suburban
congestion is that although the t ra f f ic is
dense enough to cause congestion, the move-
ment patterns are not spatially concentrated
enough to support conventional forms of ur-
ban public transit .

As the f ina l decade of the century ap-
proached, renewed concern about the envi-
ronment, particularly air quality, surfaced
around the world. In the United States, tech-
nological advances had led to large reductions
in tailpipe emissions during the 1980s, result-
ing in large decreases in transportation-relat-
ed emissions, in spite of a considerable in-
crease in vehicle miles of travel (VMT). By
1988, however, 101 urban areas failed to meet
national ambient air quality standards
(NAAQS) for ozone, and 44 areas could not
meet the carbon monoxide standards (Uni ted

States Department of Transportation, 1990).
In the United States, concern was also in-
creasing about the decline in the quality of
urban infrastructure, including transporta-
tion. This concern was heightened by the
possibility that poor infra ; ':ructure might in
part be responsible for a decline in the econ-
omy's productivity, hampering competitive-
ness of the United States in the global econ-
omy.

Renewed interest began to emerge in the
application of technology to address trans-
portation problems. In particular, the idea of
employing new communication, informa-
tion, and electronic technologies to develop a
so-called "smart-car, smart-highway" system
took hold. This ini t ia t ive , which aims to de-
velop advanced t ra f f ic control and informa-
tion systems to reduce congestion, accident
rates, and air pollution, is now known in the
United States by the acronym ITS, or In-
telligent Transportation System (previously
known as IVHS. or Intelligent Vehicle High-
way System). The Europeans and Japanese
have also invested considerable resources in
the development of this technology, and
large-scale pilot projects a:j currently being
deployed in a number of countries to assess
the effectiveness of such systems. Real-time
route guidance, in which motorists obtain
routing advice from an on-board processor
that is linked to a central computer, is one of
the IVHS components current ly under field
testing.

At the same time, rapid advances in com-
puter hardware and software were providing
an environment in which new techniques
could be developed. Geographic Information
Systems (CIS) for managing, analyzing, and
depicting large, complex, geographically
coded data bases emerged as a potentially
powerful new tool in transportation planning
and analysis. (The uses of CIS in transporta-
tion planning are discussed in Chapter 10.)

As Weiner (1992) notes, many transporta-
tion organizations and agencies began strate-
gic studies in the lat ter part .of the 1980s, in
part to redefine the sur face t ransportat ion



program and the i r mission in the post-inter-
state-highway era. These studies, which were
long overdue, were conducted at a time
when, as discussed above, many Factors were
emerging to mandate and fac i l i t a t e a s ign i f i -
cant change in u rban t r a n s p o r t a t i o n plan-

The Dawning of a New Era in Urban
Transportation Planning

When the history of urban t ransportat ion
p l a n n i n g is examined in the f u t u r e , the begin-
ning of the 1990s will surely be seen as a
watershed. The passage of the Clean Air Act
Amendments (CAAA) in 1990 and the Inter-
modal S u r f a c e transportation E f f i c i e n c y Act
( I S I HA) in 1991, have c l e a r l y laid the founda-
tion f o r . a new era in urban t ransporta t ion
p lann ing in the Uni ted States. It may well be
that the CAAA, th rough the increased re-
spons ib i l i t y that is assigned to mobile source
emissions for improving the air in the na-
tion's cities and the re la ted analysis and po-
licy requirements , will be seen as the piece of
legislation that real ly changed the face of ur-
ban t r a n s p o r t a t i o n p l a n n i n g in the Uni ted
States

I he CAAA addresses the a t t a inment and
main tenance of NAAQS, and nona t t a inmen t
areas arc classified in th i s act according to
the severity of the air pollution problem in
terms of ozone, carbon monoxide, and par-
t iculates. The act specifies controls to be im-
plemented in each area t ha t does not meet
the NAAQS and f u r t h e r mandates transpor-
t a t i on actions to be taken in nonat ta inment
areas. 1 hese actions, which include conduct-
ing an emissions inventory and in t roducing
t r anspor t a t i on control measures (TCMsj, are
c u m u l a t i v e according to the degree of non-
a t t a i n m e n t The TCMs referenced in the act
inc lude enhanced pub l i c t ransportat ion ser-
vices, t r i p reduction ordinances, provision of
HOV lanes, and congestion pr ic ing.

The CAAA of 1977 introduced the idea
t h a i federa l ly approved or f inanced projects
bad in 1 1 i n f o r m to I he S t ; ' i t c I m p l e m e n t a t i o n

Plan (S IT) , a document tha t , since 1971, has
required states to describe how NAAQS are
to be achieved and maintained. The confor-
mity provisions of the 1990 CAAA are, how-
ever, considerably expanded, and new pro-
jects must conform to a SIP's "purpose of
e l i m i n a t i n g and reducing the severity and
number of violations of the NAAQS and
achieving expeditious attainment of the stan-
dards" (Weiner, 1992). in addition, the new
act requires that conformity determinations
be based more strongly on quant i ta t ive anal-
yses.

The EPA recently issued guidance on the
new conformity requirements, and it is too
early to tell what the specific effects will be
on t ranspor ta t ion planning and analysis. It is
clear, however, that these requirements will
greatly a f f ec t urban transportation planning
in the United States. As Weiner (1992) notes,
the CAAA of 1990 have created a major chal-
lenge to t ransportat ion planners to continue
to provide mobility while meeting require-
ments to improve air quali ty.

The ISTEA of 1991, the reauthorization of
the surface transportation program, sets a
new di rec t ion in transportat ion policy
through the emphasis on intermodalism, the
related provisions for flexible funding and lo-
cal control over allocation of funds to the
d i f f e r e n t modes, and its ties to the CAAA of
1990, The provisions of the ISTEA, in con-
junct ion with the CAAA of 1990, have im-
portant implications for urban transporta-
tion planning and the analytical tools that
support the planning process. Most impor-
tant ly , the new direction in transportation
policy is the use of transportation investment
to achieve other societal objectives, including
improved air quali ty, economic development,
anci equ i ty (Meyer, 1992).

The ISTEA requires metropolitan areas to
continue the practice of preparing a long-
range plan that is updated periodically; but
the development of such plans in nonattain-
ment areas now must be coordinated with
the development of TCMs for the SIP (Wei-
ner , 1992). l : rom the viewpoint of urban

THE PLANNING PKOCF.SS 59

t ransportat ion planning, another important
element of the ISTEA is that it requires
(MPOs) to consider 15 interrelated factors in
the development of the long-range plan, in-
cluding the effect of transportation decisions
on land use and the consistency of transpor-
ta t ion plans and progiams wi th land use
plans. This requirement, coupled with the ex-
panded conformity requirements of the
CAAA of 1990, has added two important
new Cs (conformity and consistency) to the
three Cs of the traditional urban transporta-
tion planning process.

The ISTEA of 1991 designates all urbanized
areas with more than 200,000 population as
transportat ion management areas and re-
quires that all such areas have their trans-
portation planning process certif ied by the
federal government at least every 3 years. In
this respect (and in terms of the renewed
emphasis on long-range, regionwide, and
strategic planning), urban transportation
planning in the 1990s has much in common
with that of the 1950s and 1960s. On the
other hand, the key objectives today are con-
gestion management (through the use of
travel demand reduction programs and opera-
tional strategies), improvements in air qual-
ity, economic development, and social equity,
as opposed to the emphasis on system expan-
sion that prevailed in the 1950s and 1960s.

Although the ISTEA provides for more
flexibility and mandates a more open plan-
ning process, the CAAA require more precise
(and hence technical) analyses. How the ur-
ban transportation planning process will de-
velop in response to these mandates is yet to
be seen. The concluding section of this chapt-
er further examines this question and dis-
cusses emerging directions for urban trans-
por ta t ion p lanning and analysis.

OVERVIEW OF THE
URBAN TRANSPORTATION
PLANNING PROCESS

As noted earlier, transportation planning is
unde r t aken at many levels ( f rom strategic

planning to project-level planning) and at dif-
ferent geographic scales in any urban area.
Furthermore, the regional studies that be-
came synonymous with ,~-.rban transporta-
tion planning in the 1950s and 1960s have
undergone substantial changes over the
years. Nevertheless, it is possible to identify ;\g process and associated technical

analyses that are commonly considered to be
the urban transportation planning process. In
th is section, we provide a brief overview of
this planning process. We do not present this
as a recommended process for urban trans-
portation planning nor do we suggest this as
being the way in which urban transportation
planning is always undertaken. Rather, we
intend this to be a general framework within
which our discussion of specific aspects can
proceed.

The urban transportation planning process
is viewed here as having three major, inter-
related components, namely, the preanalysis
phase, the technical analysis phase, and the
postanalysis phase (Figure 3.1), A major rea-
son for describing the pro' .ss in this manner
relates to the roles of the various actors (the
technical team, the decision makers, and the
citizens) at various stages of the process. The
activities in the technical analysis phase are
conducted almost exclusively by the techni-
cal team, whereas the decision makers and
the citizens should be involved in the pre- and
postanalysis phases.

The technical analysis phase of the urban
transportation planning process is concerned
with predicting the impacts of alternative
courses of action. In this phase of the plan-
ning process, mathematical models (see
Mathematical Models of Travel Behavior, be-
low) are used to predict the transportation
and related impacts (consequences) of al ter-
native plans and policies. These impacts in-
clude capital and operating costs, energy us-
age, land requirements, air qual i ty and noise
levels, and accident rates, in addition to the
quant i ty and qual i ty (e.g, speed) of t ra f f ic
flow on the transportation network.

The cen t ra l component of the technical
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Figure 3 !. A general representation of the urban
transportation planning process.

analysis phase is concerned with predicting
the quant i ty and quality of t r a f f i c flow on
each portion of a specified transportation
network. The forecast ing techniques used for
t h i s purpose arc often referred to genetically
as the Urban Transportation Model System
(UTMS). Impor t an t i npu t s to this model sys-
tem are the d i s t r i b u t i o n of employment,
housing, and other act ivi t ies in the urban
area These d i s t r i bu t ions are predicted by
land use (or ac t iv i ty system) models. The
o u t p u t f rom the Ul MS is the input for a set
of impact models that are used to predict the
range of impacts described above.

1 he a c t i v i t i e s i n the preanalysis provide ne-
ccssary i n p u t s to the technica l analysis phase.
The preanalysis phase includes problem/issue
i d e n t i f y r i i i o n ,-tnd f o r m u l - ' H i o n , the develop-
men t of s t udy area j^oals and objectives, the

collection of data concerning the existing
transportation and related systems as well as
existing travel patterns, and the identifica-
tion of the alternative solutions to be anal-
yzed. That is, the preanalysis phase has two
components. The first concerns defining the
current si tuation and problems and specify-
ing the desired characteristics of improve-
ments. The second aspect of the preanalysis
phase includes developing the data to be used
in the technical analyses and formulat ing the
alternative plans and policies to be tested.

The postanalysis phase is concerned with
assessing the impacts of the alternative plans
and policies, selecting the preferred alterna-
tive, implement ing the preferred alternative,
and monitoring the performance of the im-
plemented plans. The monitoring activity
emphasizes the continuing nature of the ur-
ban transportat ion planning process. Each of
the phases of the urban transportation plan-
ning process is described in greater detail be-
low.

THE PREANALYSIS PHASE

The preanalysis phase plays a vital role in the
urban transportation planning process in a
variety of ways, as discussed in the descrip-
tion below of each of the components of this
phase. Manheim (1979) refers to this phase as
"set-up."

Problem and Issue Identification

The objectives of this stage of the planning
process are the identification and definition
of the problems and issues to be addressed,
Meyer and Miller (1984) stress the impor-
tance of including in this step the identifica-
tion of opportunities as well as problems. The
ident i f ied problems and issues should be de-
fined as broadly as possible so as not to con-
stra in the set of possible solutions.

No amount of sophisticated analysis and
assessment can overcome problem defini-
tions tha t are too narrow and that result in a
very na r row set ( i f possible solutions. Tor ex-
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ample, if the problem in a particular area is
defined as being "limited highway capacity in
corridors A'and V," all public-transit-oriented
alternatives are ruled out of consideration. In
addition, policies for reducing the peak-period
highway traffic loads in corridors X and V are
also eliminated from consideration. In fact,
the only alternatives consistent with the
problem definition are ways of increasing the
highway capacity. On the other hand, the
problem definition would encourage a con-
siderably broader set of possible solutions if it
read "high traff ic volumes, relative to high-
way capacity, during the peak periods, in cor-
ridors X and V."

Formulation of Coals and Objectives

A second aspect of the preanalysis phase is
the definition of the desired states toward
which the planning process should guide the
urban area. These broad general statements

are termed "goals," and they are derived from
consideration of the "values" of the society.
Values are the basic desires and drives govern-
ing behavior (Wachs & Schofer, 1969). The
goals are opera t ion alized by a set of more
specific "objectives" against which the perfor-
mance of the alternative courses of action
may be evaluated. The specific measures of
objective attainment are termed "criteria" (or
"measures of effectiveness"), and the mini-
mum (ot maximum) acceptable level of per-
formance on a criterion is termed a "stan-
dard." The hierarchical relationship among
values, goals, objectives, and criteria is illus-
trated by the example in Figure 3.2.

Values are observed, or they are assumed to
be shared by groups of similar people. Thus it
is possible to speak of societal or cultural val-
ues (Wachs & Schofer, 1969); although the
diverse groups living in most urban areas do
not necessarily share the name values, and
they certainly have diverse goals. The planner

VALUES
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KEED FOR SECURITY NEED FOB ORDER

\E A SAFE
TRANSPORTATION

SYSTEM

OBJECTIVES
REDUCE NO. OF

HIGHWAY ACCIDENTS
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MEASURES OF
EFFECTIVENESS

(CRITERIA)

NO. OF FATAL
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VEHICLE-MILES
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PER MILLION

VEHICLE-MILES

NO. OF FATALITIES

PER MILLION

PASSENGER-

MILES

NO. OF INJURIES

PER MILLION

PASSENGER-

MILES

Figure 3.2 f l ie rarchical relationships among values, goals, objectives, and measuics of effectiveness.
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must he c a r e f u l to recognize exactly whose
goals are being employed to guide the plan-
ning process, fu r the rmore , Wachs and Scho-
fer (1969) describe the d i f f i c u l t y of formula t -
ing goals and objectives in the absence of
specific proposals. Although it is important
to f o r m u l a t e r e p r e s e n t a t i v e goals and objec-
tives to guide the p l ann ing process, doing so
is a d i f f i c u l t task

Data Collection

The urban t r anspo r t a t i on p lanning process
and the UTMS generally require substant ial
q u a n t i t i e s of data In the 1950s and 1960s, a
large percentage of the budget for u rban
t r a n s p o r t . i t i o n s tudies was spent on data col-
lection and related act ivi t ies , sometimes at
the expense of other aspects of the planning
process. Hillegass (1969) notes that early ur-
ban t ranspor ta t ion p l a n n i n g s tudies typical ly
spent approx imate ly 30% of the study budget
on da ta collection. In general, a conventional
urban t ransporta t ion planning study requires
an inventory of the existing transportation
system and land use pat terns , a description of
current travel pat terns , and data on popula-
tion growth, economic ac t iv i ty , employment,
income, car ownership, housing, travel pref -
erences, ami other related factors.

1 he t r anspor t a t ion system inventory gath-
ers d a t a concerning the ex i s t ing transporta-
tion systems in the s tudy area. For the high-
way system, these da ta inc lude the physical
a t t r i b u t e s (e g , number of lanes and grades),
the q u a n t i t y (volumes), and qua l i t y (travel
speeds) of t r a f f i c flow on the transportation
system. For the public transport system, the
data include service area, route structure, pas-
senger volumes, cost and revenue data, and
system operat ion data . The t r anspor ta t ion
system inventory is compiled f rom maps,
public t r a n s p o r t a t i o n operator records, and
f ie ld surveys

I he travel inventory data are obtained
f i o n i household t r a v e l su rveys , employrnent -
ba'.ccl survey-;, cumir icK i . i l veh ic le surveys,
un i x j . ' i i d M i r v c y : , , and ro.'ulr.ide su rveys . I he

most important of these is the household
travel survey, which is used to collect travel
and sociodemographic data from a sample of
the residents of the study area. The early ur-
ban transportation studies used simple ran-
dom samples of between 4% and 20% of the
households in the study area, depending on
the population of the area. More recent stud-
ies employ considerably smaller samples and
use alternative sampling procedures.

A number of methods can be used to con-
duct the household travel survey, including
the home interview survey, telephone survey,
or mail survey. In a home interview survey,
each sample household is visited by an inter-
viewer who requests information about the
household (such as number of people, num-
ber of cars, and so on) and the trips made by
its members on the previous day. Mail and
telephone surveys are generally cheaper to
conduct than home interview surveys, al-
though the la t te r yield higher response rates.
Careful a t tent ion to survey administration
details can improve the results obtained with
the cheaper data collection methods, and
they are increasingly being used in urban
transportation planning studies (Stopher,
1983). Common approaches today include a
combined telephone and mail-out, mail-back
survey and the use of computer-assisted tele-
phone interview (CATI) procedures.

A number of other methods are used to
gather travel and/or traveler information.
These include roadside origin-destination
surveys and public transit on-board surveys.
In a roadside origin-destination survey, inter-
viewers intercept a sample of the vehicles
crossing preselected points and briefly inter-
view the occupants. In a public transit on-
board survey, interviewers board a sample of
vehicles and interview passengers on board
the vehicle or ask passengers to complete and
return a questionnaire. In both these meth-
ods, the population from which the sample is
drawn is dependent on the par t icular mode of
travel chosen, and such approaches are
known as choice based sampling (Lerman &
Manski, 1979). I he roadside origin-destina-
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tion survey and the public transit on-board
survey may be used to supplement the data
gathered in a home interview survey. A com-
mercial vehicle survey is also used to deter-
mine the current patterns of truck and taxi
travel within the study area. Interviews are
conducted with the owners or operators of a
sample of commercial vehicles garaged in the
study area. Employment-based surveys are
becoming more common, especially with the
interest in employer-based travel demand
management (TDM) programs,

Generation of Alternatives

We have described the modern view of urban
transportation planning as the provision of
information to decision makeis on the con-
sequences of al ternative courses of action. A
crucial element in this activity is the iden-
tif ication and specification of the alternative
plans and policies to be examined. Clearly,
the quality of the information provided to
decision makers is constrained by the set of
alternatives analyzed, and therefore the latter
should be as broad as possible and should
facil i tate identification of all the trade-offs
necessary in making a decision.

Herald (1980, p. 26) examined the way in
which urban transportation alternatives are
generated and defined; he concluded that in
both theory and practice the generation of
alternatives is most commonly "a loosely
structured creative trial-and-error method."
Some structured techniques, including math-
ematical programming, have been proposed
but have seen l i t t l e application in practice.

THE TECHNICAL ANALYSIS PHASE

During this phase of the urban transporta-
tion p lann ing process, mathematical descrip-
tions of travel and related behavior are used
to predict the consequences of each alterna-
tive transportation plan that is to be evalu-
ated. This phase consists of three major com-
ponents: the land use ac t iv i ty system model,
the urban transportat ion mode! system, and

impact prediction (or resource consumption)
models. Each of these components is de-
scribed briefly below, after we introduce the
general idea of mathematical models of travel
and related behavior.

Mathematical Models of
Travel Behavior

A general model of travel behavior may be
represented as follows:

y = f(x, b) (1)

where \ is the response (dependent) variable;
x is a vector of explanatory (independent)
variables; b is a vector of model parameters;
and /"is some func t ion . For example, consider
a mode! in which y is the number of daily
trips made by a household- A typical model of
this type is given by:

(2)

where y is the number of trips per household
per day; .v, and ,v, are the explanatory vari-
ables (such as household size and car owner-
ship), and /»0, /',, and fr, are the model param-
eters (or coefficients).

An important question is "How are the
parameters (b) in a model such as equation 2
obtained^" Essentially, the parameters are ob-
tained by collecting data on the response and
explanatory variables (see Data Collection,
above) and using one of a number of statis-
tical procedures to estimate the parameters.
This process is referred to as model estimation
or model calibration. The two most commonly
used estimation procedure;: are least squares
regression and maximum likelihood estimation.
Estimation procedures are simply mathemat-
ical-statistical tools, and the analyst is re-
sponsible for proper specification of the mod-
el. Model specification includes identifying
those explanatory variables likely to be caus-
ally related to the response variable and iden-
tifying the functional form of the relation-
ship.



Mathemat ica l models of t r a v e l behavior
arc estimated using basically three levels of
analysis1 the person, household, and zonal
levels of analysis For example, the model of
equat ion 2 is a household-level model As
noted in Chapter 1, a basic dis t inct ion is
made between (1) models in which the re-
sponse var iable describes the behavior of a
single household or person, and (2) models in
which the response variable describes the
( A v e r a g e 01 to ta l ) behavior of a geographic
group of such households or people. We refer
to the fo rmer as a disaggregate model and the
l a t t e r as an ^ipjegiite mo.ie!. In add i t i on to
theoretical dis t inct ions between aggregate
and disaggregate models, there are ma jo r d i f -
f e r ences in the types nf d a t a used.

A model estimated with A set of data col-
lected at one time and place is generally used
to p r e d i c t t r ave l in other t imes and/or places.
"1 h u s , da ta collected in C i ty A at t ime ;, , may
be used to e s t ima te a model tha t is used to
pred ic t (1 ) t r a v e l i n City A 'a t another time, /3,
(2) t r a v e l in Ci ty Y at t ime ( , , or (3) travel in
Ci ty V .it t i m e / . . I n each case, we assume that
the parameters estimated in the original es-
t imat ion context provide useful informat ion
about t ravel behavior in the application en-
vironment 1 he question of model t r ans fe r
from the est imation context to an applica-
t ion con tex t received considerable research
a t t e n t i o n in. the late 1970s and early 1980s
(see, for example. Atherton 8; Ben-Akiva,
1976. Koppelman St Wi lmot , 1982).

Land Use-Activity System Models

The spatial d i s t r ibu t ion of people, activities,
and land use w i th in an urban area (called the
"land use act ivi ty system") has an impor tant
impact on t r ave l in the region As noted in
Chapter 1, t ravel is a derived demand that
arises when people (or goods) are spat ia l ly
separated f r o m the locations at which they
wish or need to be. In the short term, the land
use d c t i v i t y system can he considered f i x e d ,
but in the long ru n . i t is i t s e l f affected by
t r a v e l p a i t e r n s and !>v < h,inj;cs in I lit- t rans-

portat ion system. That is, the land use and
transportation systems are interdependent,
but this interdependence is only observable in
the longer term because major changes in ei-
ther system take considerable time. Because
many other factors also change in the longer
term, it is hard to separate out the relation-
ships between the land use-activity system
and transportation system. (Chapter 13
tackles this problem in detail .)

In practice, the planning and analysts of
urban land use-activity and transportation
systems are undertaken essentially separately
in spite of the important interaction between
these systems. The primary reason is that
d i f f e r e n t agencies are generally responsible
for land use and transportat ion p lann ing .
Thus, a land use forecast is generally used as
an exogenous input to the t r a f f i c forecasting
model, wi th the land use forecast itself predi-
cated upon some assumed future transporta-
tion system. Consistency between the land
use and transportation systems is, however,
of major importance in the era of CAAA and
ISTEA, and we can expect the development
of integrated model systems in the next few
years.

Land use-activity system models generally
use regional population and employment
projections as inpu t , and they distribute
these totals spatially over the region. Many
techniques for predicting urban activity pat-
terns have been developed and applied; how-
ever, in the past 10 years, the disaggregate
residential allocation model (DRAM) and
employment allocation (EMPAL) models
have become the de facto standard in the
United States. These models, which comprise
the land use-activity system components of
the Integrated Transportation Land-Use
Package (ITLUP), developed by Putman
(1993), are derived from a model originally
proposed by Lowry (1968). At the heart of
both the DRAM and EMPAL models is a trav-
el impedance (or friction) function (see Trip
distribution, below) that represents the effect
of travel conditions on land development.

I he major weakness of the DRAM and EMP-
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AL models is that they do not reflect the
behavior of the housing and employment lo-
cation markets through a pricing mechanism.
An application of an alternative model, the
EMPIRIC model, is described in Chapter 6.

The Urban Transportation
Model System

The set of models that is commonly used to
predict the flows on the links of a particular
transportation network, as a function of the
land use-activity system that generates trav-
el, is generally known as the Urban Trans-
portation Model System (UTMS) (see Figure

INPUTS

I TRANSPORTATION SYSTEM CHARACTERISTICS

I LAND USE-ACTIVITY SYSTEM CHARACTERISTICS

I

URBAN TRANSPORTATION
MODEL SYSTEM (UTMS)

TRIP GENERATION
(How mtny tripi?)

i
TRIP DISTRIBUTION
;Wh«ri do 1h»y go?)

1
I MODE CHOICE

(By what mode?)

1
TRAFFIC ASSIGNMENT

(By what rouU?)

,

OUTPUTS

TRAFFIC FLOWS ON NETWORK LINKS

• Ouinljty (Volume)

i Quality (Speed)

3.3). The UTMS that evolved during the early
studies in Detroit and Chicago is often re-
ferred to as the four-step, sequential model
because it comprises four submodels that are
employed in a sequential process: trip genera-
tion, trip distribution, mode choice (or modal
split), and t r ip assignment.

• Trip generation is concerned with pre-
dicting the number of trips produced by
and attracted to each t ra f f ic analysis
zone. That is, trip generation models
address the question of how many trips
are made to and from, each zone of the
study area. • ' • • •

• Trip distribution is concerned with pre-
dicting where the trips go. Thus, the
t r i p distribution model links the origin
and destination ends of the trips gener-
ated by the trip generation model.

• Moik choice (or modal split) addresses
the question of how the various trips
are made. That is, these models predict
the proportion of trips by each mode of
travel, between each origin and destina-
tion zone.

• Trip assignment (or route choice) is con-
cerned with predicting the route(s) used
by the trips from a given origin to a
given destination by a particular mode.

The input to the UTMS comprises the
characteristics of the transportation and land
use-activity systems. In particular, UTMS re-
quires estimates of the residential population
and employment levels in :Jdch traffic analy-
sis zone. These estimates ate obtained from
the land use-activity system models. Each of
the submodels of the four-step traffic fore-
casting model is introduced below.

Figure3.3. The Urban Transportation Model Sys-
tem (UTMS).

Trip generation is the first submodel of the
conventional four-step model sequence. This
submodel is concerned with the total quan-
tity of travel, whereas the other models
allocate the total trips to al ternative destina-
tions, modes, and routes. Thus, trip genera-



t i n n is an extremely i m p o r t a n t p a r t of the
urban t ranspor ta t ion model system.

I r i p generation analysis is concerned with
pred ic t ing the q u a n t i t y of t r a f f i c t h a t will
How to and f rom a given piece of land. Tha t
is . t r i p g e n e r a t i o n addresses the ques t ion of
how m my t r i p s w i l l he made to and from
e,~u h zone w i t h i n the .study area The basic
idea is th. i t the n u m b e r of t r i p s produced by
01 , 'itunned t u a given piece of iand over some
t i n i r prnod depends nn (hi.1 characteristics of
t h a i , piece of l a n d , i n c l u d i n g land use type and
i n U ' i i s i t v a n d i lu : socioeconomic c h a i a u e i -
iM ics ct the a r t i v i t i e s us ing the land. 1 he t r i p
gene ra t ion come pi m.iy he represented as fol-
low;.:

where f , is the number of t r i p s generated by a
given p : m c l f > i l and (or /.one), designated i , / . ,
is the type of land use; / is the in tens i ty uf
land use. s is the socioeconomic descript ion
ot t h e a c t i v i t i e s us ing t h e land: and / is some
funct ion

I'wo bask < i p p [ o , H h e s have been used to
develop t r i p genera t ion models: least squares
regression and category (or c r o s s - c i a s s i f i -
cation) analysis. These methods are s i m i l a r ,
and each has been applied at the zonal, house-
h o l d , ;u id i n d i v i d u a l l eve ls of ana lys i s . 1 he
f u n d a m e n t a l d i f f e r e n c e is t h a t least squares
regression models are generally l inear , where-
as a category analysis model assumes no par-
t i c u l a r f u n c t i o n a l fo rm fo r t he r e la t ionsh ip
between I he response and explana tory var i -
ables

1 he n u t ] o n t y of t r i p s i n an u rban area .ire
home-based t r ips ; t h a t is, they begin or end at
the home of ( he person making the t r i p .
Models of r e s i d e n t i a l t r i p generation have
i h e i c f o i r r e c e i v e d cons iderable a t t e n t i o n i n
the p . i . t . and they are described here I he
eai l ies! u r b a n t ranspor ta t ion s tud ies em-
ployed le . is i squares [egression ana lys i s at the
/ o n . i l level to model residential t r i p genera-
I ion \-..\t 1 1 I t . t l f K a Ma ly.r. /one was t rea ted as
.1 s ing le obsr .rval ion , a l t h o u g h t h e data were

collected from households (sec Data Collec-
tion above). A zonal-level t r ip generation mod-
el attempts to explain the between-zone vari-
ations in t r ip making as a funct ion of zonal
characteris t ics; it ignores the withirvzone
(between-household) var ia t ions in t r ip mak-
ing.

Most recent t r i p generation modeling ef-
f o r t s have been unde r t aken at the household
level. When t r i p generation analysis is con-
ducted at the household level, each household
is t rea ted as a separa te observation, and the
analys is a t t empts to expla in the between-
household var ia t ions in t r i p m a k i n g as a func -
t i o n of household charac ter i s t ics . A house-
hold-level least-squares regression t r ip
generat ion model is g iven by

-t- / ' , , Y , + K A', + -.. + /.-,A', (4)

where / IK t he number of home-based t r ips per
household per day; A' , , A',, . . . , A\e the
explanatory variables (number of people in
the household, household income, etc.), and
!',,, /', I'K are the model parameters.

A household-level category analysis t r ip
generation model is developed by classifying
each household into one of a set of m u t u a l l y
exclusive classes, based on the explanatory
variables used in the model. For example, we
might have the fol lowing household catego-
ries; 0 cars. 1 person; 0 cars. 2 persons; 0 cars,
3 or more persons; and so on. The model
consists of representing each category by the
mean t r i p -mak ing rate of the sample house-
holds in t ha t category. Thus , we compute

where / is the mean t r i p - m a k i n g rate in cat-
egory i ( for example, the average number of
t r ips per household per day, for two-person,
zero-car households); r , is the measure of t r ip -
making for household /' of category c; and iV(

is the n u m b e r of households in category f.
I h i > appeal of the category analysis model is
i ts i n t u i t i v e simplicity. (Sample tr ip-gcnera-
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tion models are presented in Chapters 5 and

Trip Distribution

A tr ip-dis t r ibut ion model l inks trip ends ( that
is, origins and dest inat ions) and predicts how
many of the trips originat ing in Zone i t e r -
minate in each of Zones 1, 2, . . . , / , and how
many of the t r i p s terminat ing in Zone / orig-
inate in each of Zones I , 2 , . . . , / . In other
words, t r ip d i s t r i bu t ion is concerned wi th the
question, ''Where do the t r ips go4"

A variety of t r ip d is t r ibut ion models have
been proposed. The discussion here focuses
on the most commonly applied t r i p d i s t r i b u -
tion model, the g r a v i t y model. The interac-
tion (number of t r ips) from i t o / ' ( / „ ) is con-
sidered to be dependent on (1) the number of
trips leaving /, (2) the attractiveness of /', and
(3) the d i f f i c u l t y of traveling from i t o / . This
idea may be wr i t t en in equat ion form as fol-
lows:

(6)

where lt/ is the in t e rac t ion (number of trips)
from i to/; O, is the number of t r i p s or iginat-
ing in zone ; (the or igin zone); /1( is a measure
of the at t ract iveness of zone/(the dest inat ion
zone); iti: is the measure of the spa t i a l separa-
tion of. zones / and /; and / denotes some
func t ion .

Clearly, we expect /|( to be directly propor-
tional to O, and Af and inversely related to */);.
The most commonly used form of the gravity
model reflects these relat ionships, as shown
by the following equation:

(7)

where /(j/J is known as a friction factor be-
cause i t measures the resistance to travel
caused by the spatial separation of zones /
and /; and / is some decreasing f u n c t i o n of c / ( ,
known as the. friitiiw finiot f'ttitittMi. The mea-
sure of spatial sepaiation or the f r i c t i o n of

distance (if) is generally either travel time,
travel cost, or a combination of time and cost.
The calibration of a gravity model involves
determining the friction factor function, as
described in Chapters 5 and 6.

Mode choice (or modal spl i t ) is concerned
with predicting the number of trips, from
each origin to each destination, that will use
each mode of transportat.on. Thus, the ob-
jective of the modal split, analysis is the pre-
diction of t , the number of trips from ;' to /
by mode in, given a prediction of /,(. Clearly,
modal split has considerable implications for
t ranspor ta t ion policy, pa r t i cu la r ly in large
metropolitan areas. For example, the decision
as to whether or not to invest in a new sub-
way system depends on predictions obtained
from the modal-spli t phase of the travel fore-
casting model. Similar ly , t he decision of
whether to implement an exclusive HOV
lane (for buses and/or car pools) should be
informed by predictions of the number of
people who wil l switch to high-occupancy
vehicles.

Two basic model types have been used to
predict the dis t r ibut ion of tr ips by mode of
travel: modal split and mode choice models.
The former term general ly refers to aggregate
models and the lat ter to disaggregate model
forms, In general terms, h.e distribution of
t r ips by mode is expected to be dependent
upon the transportation system characteris-
tics (T) and the character is t ics of the users
(If). That is, a modal split mode! may be ex-
pressed as follows:

/' - /'(T,, u,) (8)

where /->,(W is the proportion of travelers from
/ to / t ha t use mode in; T is a description of
the relative performance of the alternative
modes of travel from / to/; U, is a description
of the character is t ics of the travelers in zone
/'; and / is some funct ion. I be performance
character is t ics of the a l t e rna t ive modes (T,,)



i nc lude such v a r i a b l e s as ihc r e l a t i v e speed of
t rave l and t h e rcl ;uivc cnsi of t r ave l between
zones i and / The users' c h a r a c t e r i s t i c s (U,)
inc lude such var iables as average car owner-
s h i p

M ( » | c c lion c models an; concerned w i l h
[ h e i r . i v t l behavio i o f individuals I hey a t
l el up! t ' ) p r edk i l l i e p r o l v i h i h t v t ha t i n d i v i d -
u a l .-,' \\l us i mode ".' i tor a s p e c i f i c t r i p ) as a
h . D H t i n n u f [ l i e ind iv idua l ^ characteristics
and the n t t r i b u t c s of t.he a l t e rna t ive modes
f u r m a k i n g t h a t t r i p ! hese models may be
represented mathematically as follows1

/ ' . . . = / ( X , . S j (9 )

w h e n 1 / ' i : , t he p iohab i l i t y t h a t i nd iv idua l n
w i l l i h'>o;,e mode in for a s p e c i f i c t r i p ; X^ is a
d e s u i p t i o n of the a t t r i b u t e s of all modes (/O
a v a i l a b l e !oi t he spec i f i c t r i p ( i nc lud ing mode
'.';), S. r. a description of i he t h a r . i c t e i i s t i c s of
i n d i v i d u a l u. < m d / is some t unc t i on .

I he at t u b u l e ; of the a l t e i na t ive modes ty-
p i c a l l y included in such models are the t ravel
t i m e and t r ave l cost by each mode for the
^ p e i i f n n ip . 1 he ir,c[ :, characteristics typi-
i _ a l ] y uu orpoN'Hed i n Mn. l i a model i n c l u d e the
a v a i l a b i l i t y of an au tomobi le and household
inaimc

The most commonly used fo rm for the
mode choice model is termed .1 muiiittoatwl
Ic^ii n/c-Jci Hie pen era I f o r m of t h i s model is
given by

(1O11.

V

w h c i c X. is a d e s o i p t i o n of the a t t r i b u t e s of
mode U F

1 he d i l u t i o n / in e q u a t i o n 10 r e p r e s e n t s
the u t i l l t y !'ni at t ra t t i v e n e s s ) of mode in
( w i t h a t t r i b u t e s X,J to i n d i v i d u a l n (with
ch. ' iMi t e r i ^ t u s Sj Thus , the m u l t i n o m i a l
logit model essentially says t ha t the probabil-
ity t h a t i n d i v i d u a l ti chooses mode m for a
p a r t i c u l a r t r i p is a f u n c t i o n of the u t i l i t y of
mode ni to i n d i v i d u a l n . r e l a t i v e to the u t i l -
i l i < " , o f t h e o t h e r mode1, a v a i l a b l e t o i n d i v i d -

ual n for th is t r ip , (You will encounter fur ther
discussion of t h i s type of model in Chapters
8 and 9.)

The development and application of indi-
v idua l choice models, such as the mul t inom-
ial logit model, represents the major advance
in t r ave l demand modeling d u r i n g the 1970s.
Many of the appl ica t ions of these choice
models have been in the context of mode
choice, p r imar i l y for the work tr ip. The use of
disaggregate choice models in the context of
mode choice modeling is accepted practice to-
day. For a comprehensive text on the multi-
nomial logit and related models (such as the
nested logit model), see Ben-Akiva and Ler-
man (1985).

The f i n a l step in the conventional four-step
model sequence is generally referred to as t r i p
(or t r a f f i c ) assignment (or route choice). The
objective of th i s phase is to predict the num-
ber of tr ips from each origin t to each destina-
t ion / by each mode in t ha t uses each route
f r o m / to i by mode in. Thus, for example, if
t he re arc three different routes by automobile
from or igin i to des t ina t ion /. the network
assignment stage is concerned with predict-
ing how many of the automobiles traveling
f rom ; to / will use each of the three routes.
The ass ignment of t r a f f i c to the various
routes between all or igin-dest inat ion pairs
results in an es t imate of the quanti ty of
t r a f f i c on each l i n k (or piece) of a specified
t ranspor ta t ion network, because each route
between a given origin-destination pair com-
prises a specific set of l inks , The link volume
estimates, in t u r n , are used to predict the
impacts of the par t icu lar t ranspor ta t ion sys-
tem alternative being tested.

The proportion of vehicles using each route
between a par t icu lar origin-destination pair
depends upon a number of attr ibutes of the
a l t e r n a t i v e routes, including travel time and
distance, number of stops or t r a f f i c signals,
ae s the t i c appeal , and perceived safety, but
t r a v 1 t i m e is the a t l i i b u t e most commonly
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considered in network assignment models.
The travel time on any route is the sum of the
travel times on the links that comprise that
route, and the travel time on any link de-
pends, in general, on the volume of t r a f f i c on
that link. In par t icu lar , the travel t ime on any
l ink of the highway ne twork increases non-
l i n e a r l y with the quant i ty of t r a f f i c using
that l ink in some time period. Therefore, the
assignment of t r a f f i c to the d i f f e ren t routes
between a given origin-destination pair de-
pends upon the link travel times, which in
turn depend on the link volumes. The vol-
umes, however, are a function of the routes
chosen, Furthermore, the t r a f f i c using any
link in the network consists, in general, of
t r a f f i c t raveling from various origins to vari-
ous destinations. Thus, the t r ip assignment
problem is an extremely complex one.

Early tr ip assignment techniques were
based on extreme s impl i f ica t ions of the prob-
lem For example, in some early algorithms,
link travel times were assumed to be inde-
pendent of link volumes. Since the mid-
1970s, considerable progress has been made in
the development of sophisticated t r ip assign-
ment techniques. A comprehensive text on
assignment methods, including modern tech-
niques employing mathematical program-
ming formula t ions of the user-equil ibrium
and stochastic use r -equ i l ib r ium problems,
was published by Sheffi (1985) Current re-
search efforts are focused on developing as-
signment algorithms that deal with the dy-
namics of t raff ic flow in networks, so as to be
able to account for the build-up and dissipa-
tion of congestion and to model the response
of drivers to advanced t r a f f i c information and
pricing systems.

Impact Prediction Models

The UTMS predicts the quanti ty and quality
(in terms of travel time) of flow on the links
of a specified transportation network, given
the land use-activity system as an input. As-
sessment of the consequences of a l te rnat ive
transportation system options, however, re-

quires estimates of a broad range of impacts.
These impacts include construction and oper-
at ing costs, energy consumption, air quality,
noise levels, and accident rates. In general, the
models used to predict these impacts require
as input the quan t i ty and quality of t ra f f ic
flow on the links of the transportat ion net-
work. .In addition, estimates are required of
the energy, labor, land, arid materials con-
sumed in providing and operating a particular
transportation system.

As described earlier, the CAAA of 1990 and
the ISTEA of 1991 have changed urban trans-
portation planning in a major way, with a
renewed emphasis on the air quality implica-
tions of t ransportat ion system changes.
Emissions from motor vehicles combine with
emissions from other sources, and interact
with meteorological conditions, to affect the
air quality in our cities. The mixing and dis-
persion of pollutants is modeled using what
is known as a dispersion model (Benson.
1979).

The emissions load produced by a motor
vehicle depends on a number of factors, in-
c luding vehicle characterist ics (class, age,
etc.), fue l parameters, vehicle operating en-
vironment (altitude, meteorological condi-
tions), and vehicle operating conditions.
Emissions rate models (Cal i forn ia Air Resour-
ces Board, 1992; United States Environmen-
tal Protection Agency, 1988) relate emissions
to vehicle operating conditions described in
terms of standard driving cycles. Emissions
produced in the standard test cycles are mea-
sured in the laboratory, and speed correction
factors are used to estimate emissions at
speeds di f ferent from the average speed in the
test cycle.

We are now learning, however, that the
exist ing emissions models tend to grossly un-
derestimate emissions produced by motor ve-
hicles that operate "off-cycle" (that is, outside
the standard operating cycles). It is also be-
coming clear that in order to respond to the
requirements set forth in recent legislation,
we need to know much more about the emis-
sions produced under actual driving condi-
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t ions. as opposed to the standard test cycles.
Much research is needed to develop improved
emissions models, hut such models will place
additional burdens on the transportat ion
models to predict t ravel at much finer tem-
poral and spa t ia l scales t han the exist ing
models are capable of doing

I he energy impacts of a l te rna t ive trans-
portat ion system options became a major
concem in the 1970s, but over the past 10 to
15 years th i s concern has faded . The approach
most commonly used to predict energy im-
pacts is to estimate the change in the number
of vehicle-miles of travel and mul t ip ly this
change by a factor that reflects the average
fuel consumption per vehicle-mile of travel.
The lat ter is often disaggregated by vehicle
type and model year Both manua l tech-
niques and computer models are available for
pred ic t ing the noise impacts of transporta-
t ion systems ( IViwIby. 1480; Rowlhy, Hjg-
gin:;r & Reagan, 1982, Km; le r , Commins, &
(jalloway. 1976). Some of these environmen-
tal impact models arc described in Chapter
16

THE POSTANALYSIS PHASE

T h e o u t p u t of the technica l analysis phase
comprises predictions of the impacts of a l t e r -
native plans and policies. The purpose of
these predictions is to i n f o r m decision mak-
ing. The past ana lysis phase of the u rban
t ranspor ta t ion planning process includes:
eva lua t ing the impacts of the alternatives
analyzed; selecting the al ternat ive to be im-
plemented; programming, budgeting, and im-
plementing the chosen al ternat ive; and mon-
itoring of system performance. Each of these
aspects is addressed below.

Evaluation of Alternatives

The output from the technical analysis phase
that we have ju s t described answers the ques-
t i o n , "Wh;i t w i l l happen i f the t ranspor ta t ion
' .y ' l l rm ! ' , rhan^ed/expaiulcd i n t h i s man-
n c i ' " In par t K uhu , ( . l i e navel iureaislmg

model is used to predict the flow (<.\.j . . uy)
and travel t ime (quality) on the various links
of a set of specified transportation systems.
The flows and travel times, in turn, may be
used to predict other impacts, including the
monetary and other resources (such as land
and energy) consumed, noise levels, air qual-
ity levels, accident rates, and so on. Thus, for
each alternative transportation system con-
sisting of physical elements and operating po-
licies, the technical analysis phase produces a
set of predicted impacts. During the evalua-
tion stage of the urban transportation plan-
ning process, the impacts of each alternative
are summarized and compared.

Historically, evaluation included selection
of the "best" alternative, which is a straight-
forward task only if ail the impacts can be
combined into a single numerical index for
each alternative. Many early urban transpor-
tat ion studies reduced the positive and nega-
t ive impacts (benefits and costs) to a com-
mon measurement scale (dollars) and thus
derived a single numerical index that allowed
for easy selection of the best alternative. This
approach is commonly referred to as "eco-
nomic evaluation." Two alternative ap-
proaches are "goal achievement" and "cost ef-
fectiveness." These three approaches are
introduced br ie f ly below.

The overall benefit and cost of each alter-
native can be determined on the assumption
that the benefits and costs of each alternative
may be expressed in dollars. The time stream
of costs and benefits is considered because of
the time value of money. That is, because a
dollar will be worth less next year than it is
today, the costs and benefits in each year are
discounted to obtain the /'resent value of the
costs and benefits of each alternative.

Two methods are commonly used to com-
pare alternatives based on the present values
of thei r costs and benefits; the net present
value method and the benefit-cost ratio
method. Wohl and Hcndrickson (1984) note
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that if the latter method is applied properly,
both methods lead to selection of the same
alternative as best, in the economic sense.

Both the net present value and benefit-
cost ratio methods require the analyst to se-
lect the discount rate for determining the pre-
sent values of future costs and benefits. This
is a very d i f f i cu l t task, and the choice of the
discount rate has major implications for the
results. The higher the discount rate, the less
onerous are costs incurred well in the future.
A higher discount rate therefore favors alter-
natives that have low capital costs and high
operating costs relative to alternatives that
incur substantial capital costs early in the
analysis period and have low operating costs,
and vice versa. The choice of the discount rate
therefore can have a major influence on the
conclusions drawn from an economic analy-
sis.

The in te rna l rate of re turn method, on the
other hand, does not require prior selection of
the discount rate. Rather, an iterative proce-
dure is used to determine the rate of return
for each project for which the present value
of benefits equals the present value of the
costs. That is, the method determines the
rate of return yielded by each al ternat ive. The
problem with this method is that more than
one rate of return might be consistent with a
given time stream of costs and benefits (Wohl
& Hendnckson, 1984).

A major problem associated with all eco-
nomic-based evaluation methods is the re-
quirement that all costs and benefits be ex-
pressed in monetary terms. Many of the costs
and benefits associated with a transportation
system change cannot be expressed satisfac-
torily in monetary terms. For example, what
is the monetary value of one fewer fatality
per year or a reduction in average noise levels
of 10 decibels^ As a result of such difficulties,
many early urban transportation studies sim-
ply ignored these impacts in evaluating the
alternatives. The analyses generally included
only the capital and operating costs of each
al ternat ive as well as the user benefits, which
are generally measured in the form ol reduced

travel time. Travel time reductions were con-
verted to dollar terms using an assumed or
inferred value of time.

The minimal attention given in many early
studies to environmental'and social impacts
is an important consideration in understand-
ing the so-called freeway revolt that began in
San Francisco in the 1960s. Basically, citizens
were telling transportation planners that fac-
tors other than user travel time and capital
and operating costs were important com-
munity concerns. Below, we introduce alter-
natives to economic evaluation.

Nonecottomic Evaluation

The common feature of noneconomic-based
evaluation procedures is that the impacts
may be expressed in any units. Furthermore,
the impact measures are explicitly related to
the goals and objectives of the community.
Thus, each al ternat ive is described by a ma-
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t u x snn i l . ' i r to I hat dt'pictc-d in F igu re 3 A. The
methods d i f f e r p r i m a r i l y in whether or not
the impacts of each alternative are combined
to produce a single numerical index.

The goal-achievement method (Stcgcr &
S t u a r t . 1976) uses the i n f o r m a t i o n con ta ined
in the impact m a t r i x (F igure 3.4) to der ive a
single numer ica l index for each a l t e rna t ive ,
where the index is a measure of the degree to
which an a l t e rna t ive achieves the goals form-
u l a t e d for the s t u d y area. Each object ive is
assigned a weight r ep re sen t i ng its perceived
re la t ive impor tance Each a l t e r n a t i v e is scored
accord ing to how well it meets each objective
i f l i i i i v e to the per formance of the best al ter-
nat ive on each object ive A single nume r i c a l
index is ob ta ined for each a l t e r n a t i v e by sum-
ming of the weighted scores on each ob|ec-
l i v e . Choosing one a l t e r n a t i v e out of the set
is a r e l a t i v e l y simple task once the a l t e rna -
t ives are ranked according to their scores on
the single numer ica l index tha t describes how
well each a l t e rna t ive meets the various ob-
ject ives. The obvious d i f f i c u l t y in t roduced by
such a method is the subject ive n a t u r e of the
weight ing scheme. Wachs and Schofer (1969)
note that the ass ignment of weights to the
various objectives is equivalent to the assign-
ment of dollar values to the various nonmon-
etary impacts of a change in the transporta-
tion system.

(lost effect iveness (Thomas & Schofcr,
1970) is an approach i n which the analyst
organizes information concerning the im-
pacts of the a l t e r n a t i v e s and provides this
i n f o r m a t i o n to the decision maker(s) and the
communi ty . The planner does not a t tempt to
reduce all the in fo rmat ion in the impact ma-
t r i x to a single numer ica l index; r a the r , the
dec is ion makers must make the t rade-of fs ne-
cessary to reach a decision. The performance
of each a l t e r n a t i v e on each measure of ef fec-
t iveness may be compared with the cost of
the a l t e r n a t i v e by means of a cost effect ive-
ness r a t i o . This is an index of the degree of
object ive a t t a i n m e n t per dol lar , for each mea-
sure of e f f ec t iveness I he cost e f f ec t iveness
appro. 'nh r r f n j ' i u z f s t h a t u r b n n t r a n s p o r t a -

tion p lann ing is a pol i t ical decision-making
process, and it implies a pa r t i cu la r viewpoint
concerning the role of the technical team in
urban transportation planning (see Adapta-
tion to Change, above).

The major advantage of the cost-effective-
ness approach is that chose individuals ac-
countable to the public are responsible for
making the trade-offs necessary in selecting a
preferred a l ternat ive. Furthermore, if the per-
formance of each al ternat ive on each measure
of effectiveness is specified according to so-
cioeconomic groups, the decision makers can
see who gains and who loses from the
change Of course, it is d i f f i c u l t to integrate
such i n f o r m a t i o n and make a decision, but
many consider this to be the proper responsi-
bil i ty of elected public off ic ia ls . The planner,
however, is responsible for presenting the in-
format ion in a manner that facilitates deci-
sion making, pa r t i c u l a r l y because the pre-
dicted impacts are only a part of the
i n f o r m a t i o n provided to decision makers.

Decision Making

As noted earlier, decision making historically
was essential ly integrated with evaluation, in
the sense that by scoring each alternative on
a single numerical index (such as a benefit-
cost ratio) selecting the "best" alternative is
made simple. On the other hand, in the ab-
sence of a single numerical measure of the
performance of each al terat ive, decision mak-
ing is an extremely complex task appropri-
ately performed by elected officials.

A number of models of decision making
may be identif ied, ranging from the rational-
comprehensive model to a political bargain-
ing model (Meyer & Miller, 1984). It is un-
clear which model is actually employed in
u r b a n t ranspor ta t ion decision making in the
pub l i c sector, but given the social and eco-
nomic implicat ions of urban transportation
decisions, the importance of political bargain-
ing in urban transportat ion decision making
should not be underes t ima ted . In other
words, the u r b a n t ranspor ta t ion planner
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must be aware of political reali t ies if he or she
is to have an impact on the decision-making
process. These issues are taken up in Chapter
11.

Implementation

Implementation of the selected transporta-
tion plan includes two considerations. First,
implementation requires compliance with the
regulations and requirements of the appropri-
ate institutions, such as the preparation of
the environmental impact statement. Sec-
ond, impiementation requires consideration
of the time when various actions will be tak-
en and ways by which they will be financed.
This is generally termed proeraiatttittG. As
noted earlier, preparing for action (planning)
and taking action (implementation, specifi-
cally programming) were first integrated into
the urban t ranspor ta t ion planning process by
the joint FHWA and UMTA regulations of
1975 that specified that the transportat ion
plan should include a transportation impro-
vement program (TIP).

The major question to be addressed at the
implementation stage is the programming of
the t ransportat ion system changes, Program-
ming has been defined as "the matching of
available projects with available funds to ac-
complish the goals of a given period" (Trans-
portation Research Board, 1978, p.3), A com-
mon goal is to use available resources as
efficiently as possible; thus, the consideration
of the time staging of urban transportation
changes is very important. This aspect has
received little attention in the past, however,
and quanti tat ive techniques are not much
used.

System Monitoring

The evaluation stage described above deals
with preimplementation evaluation; tha t is,
the assessment of the performance of alter-
native transportation systems based on pre-
dictions. In one sense, system monitoring
may be considered to be postimplernentation
evaluation, that is, the assessment of the per-

formance of the transportation system as the
programmed changes are-implemented. Sys-
tem monitoring therefore, is the ongoing col-
lection of data to be used in tracking the per-
formance of the urban transportation system
over time. Because such monitoring fac i l -
itates the identification of problems and op-
portunities, this stage emphasizes the contin-
uing na ture of the urban transportation
planning process.

SUMMARY AND OUTLOOK

This chapter introduces the urban transpor-
tation planning process. In part icular, the dis-
cussion focuses on the evolution of this
process and on an introduction to the quant i -
tative tools that support the planning pro-
cess, We have noted how the planning pro-
cess and the model ing and analysis tools have
been shaped by changes in societal concerns.
Although urban transportation planning has
undergone many changes 'during the past 40
years and continues to evolve, many of the
basic notions developed during the 1950s
have endured.

The roles of technical analysis and model
building in the urban transportation plan-
ning process have been highlighted here in
order to place the chapters that follow in per-
spective, Technical analysis is only one com-
ponent of the planning process, however, and
analysis is not an end in itself. We have dis-
tinguished the analysis phase from the other
elements of the planning process by pointing
to the technical nature of the analysis phase.
It is important, however, to note that even
mathematical models of travel and related be-
havior implicitly employ subjective judg-
ments and reflect particular perspectives on
human behavior. For example, the disaggre-
gate mode choice models developed during
the 1970s emphasize the Choice aspects of
travel behavior, whereas the activity-based
approach to travel analysis (see discussion be-
low) emphasizes the constraints that i n f lu -
ence urban travelers,

One might well ask whether urban trans-



portation planning has been ef fect ive, Hassell
( lyfJO) addressed this question 15 years ago
and concluded that there was little doubt
about the effectiveness of urban transporta-
tion planning. The question cannot really be
answered, however, without knowing what
would have, happened to urban land use ac-
tivity and transportation systems in the ab-
sence of urban transportation planning stud-
ies Would the same decisions have been
made, or would the decisions have been bet-
ter or worse'- What is probably more impor-
tan t , however, is addressing the question,
"How can the urban transportation planning
process be ef fect ive in the future''"

It is. of course, hard to prescribe how the
urban transportation planning process
should be shaped to be effect ive in the future;
particularly since, as described earlier in this
chapter, the CAAA of 1990 and the ISTEA of
1991, have greatly altered the urban trans-
portat ion planning and policy analysis land-
scape in the United States, i-ederal, state, and
local government agencies are still grappling
wilb the implications of the recent legisla-
tion, final rule making on certain aspects of
the legislation was only recently published,
and new research and development programs
are still being developed in response to the
mandates (and opportunities) presented in
the recent legislation.

Continuing sociodemographic trends cre-
ate additional challenges for urban transpor-
tation planners. These trends include the ag-
ing of the population, the continued entry of
women into the work place, the increase in
the number of single-adult households, and
the reduction in average household size. Ur-
ban transportation planners are also being
challenged to provide the "glue" that binds
planning together as transportation invest-
ment is being used to achieve other societal
objectives, including improved air quality,
economic development, and equity (Meyer,
1992)

dcploytnrni uf new information, loiiunu-
mcalion, and tomputer technologies provide
both challenges and --pp ^ 'unit ies for urban

transportation planners. The challenges arise
through the wider range of options that in-
dividuals will have for satisfying their wants
and needs in the future, as well as through
the wider variety of operating and manage-
ment technologies that will need to be eval-
uated by transportation planners. The intro-
duction of advanced traveler information
systems will also, however, provide rich, new
data bases describing travel patterns and be-
havior, while further advances in computer
technology will allow us to develop and im-
plement vastly more sophisticated transpor-
tation planning models than we could have
conceived of only a short time ago.

Howe and Brai! (1994) have examined the
implications for urban transportation plan-
ning of the requirements and opportunities
embedded in the ISTEA of 1991. They point
out that the legislation redefines the set of
problems to be addressed (with new empha-
sis on connectivity, choice, air quality, and
cost efficiency) and the range of acceptable
solutions (with priority being given to sys-
tem management, rather than to construc-
tion of new capacity, and with emphasis on
measures to manage travel demand, rather
than on ways to increase travel supply). They
suggest a new conceptual model of transpor-
tation planning to meet these needs, a frame-
work they refer to as interactive transporta-
tion planning and decision support (ITPDS).

Howe and Brail (1994) argue that their pro-
posed framework has a number of important
characteristics that specifically respond to
the needs of urban transportation planning in
the 1990s. They note that ITPDS "flattens"
the power relationships among the major
players, facilitates bringing together a work-
ing group of people having a range of inter-
ests and perspectives (a characteristic they
call "cross-functional"), operates in a data-
rich environment, deals with a process that is
"messy" (dynamic, nonlinear, evolving, iter-
ative, flexible, complex, ad hoc, etc.), and fa-
ci l i tates ;i process that is customer oriented
(where the customers are involved in the
planning process and the transportation sys-
tem is shaped by '-MS'^mer demands). They

THF, PLANNING PROCESS 75

also suggest that implementation of ITPDS
would be enhanced by incorporating an in-
teractive and accessible geographic informa-
tion system (CIS).

The emerging planning framework is more
dependent upon information that is derived
from the technical analysis of data than
transportation planning has been historically
(Howe & Brail, 1994). Many of the limita-
tions of the UTMS, described earlier in this
chapter, have been recognized for a long time
now. However, these shortcomings have
been highlighted, and new ones have
emerged, by the requirements of the current
planning and policy-making environment.

Most importantly, the travel forecasting
models used today were developed many
years ago, primarily to evaluate alternative
highway expansion projects. Pas (1990) arg-
ues that the existing model system is funda-
mentally no different from that introduced
nearly 40 years ago. These models were cer-
tainly not intended to evaluate the effects of
policies such as congestion pricing, transpor-
tation control measures, and alternative de-
velopment patterns; it is not surprising,
therefore, that the models are not well suited
to these tasks. It is also worth noting that
the need to upgrade the travel forecasting
tools available to MPOs was brought to the
fore by a law suit, filed by the Sierra Club
Legal Defence Fund and Californians for a
Better Environment, against the Metropol-
itan Transportation Commission (MTC) in
the San Francisco Bay Area and the State of
California. The irony of this landmark law
suit, which was concerned with forecasting
the air quality impacts of proposed freeway
expansion, is that the MTC maintains one of
the best travel forecasting model systems in
the country.

A primary deficiency of the UTMS, espe-
cially in the contemporary context, is that it
does not incorporate the time of day at which
travel takes place Thus, it cannot suitably be
used to examine the effect iveness of policies
in which ihe price of travel varies with tin-
level of congestion and hence with the time
of day (congestion pricing), nor can it be used

to analyze the effects of providing travelers
with pretrip information about the level of
congestion in the transportation network (in-
formation that might cause travelers to
change their departure time for a trip). Other
important shortcomings of the conventional,
four-step travel forecasting model are that
trips are treated as if they are independent of
one another, and trip generation is modeled
independently of congestion or pricing. Fur-
ther, the models arc static and are based on
cross-sectional data (that is, data collected at
one point in time). Such models use varia-
tions in behavior across the sample as if they
reflect the change in the behavior of each
behavioral unit following a change in an in-
fluencing factor. Such extrapolation of cross-
sectional differences is valid only under very
restrictive assumptions (Godwin, Kitamura,
& Meurs, 1990),

The Federal Highway Administration, in
cooperation with the Federal Transit Admin-
istration, the Office of the Secretary of the
U.S. Department of Transportation, the U.S.
Environmental Protection Agency, and the
U.S. Department of Energy, has launched a
Travel Model Improvement Program (U.S.
Department of Transportation. 1993). The
purpose of this major program is to remedy
the deficiencies in currently available travel
forecasting models by enhancing these mod-
els in the short term while developing com-
pletely new procedures in the medium to
long term. Because of the joint sponsorship,
we are likely to see more comprehensive and
integrated model systems result from this ef-
fort and the application of substantially new
perspectives.

One of the teams involved in an early ef-
fort of the TMIP to redesi: h the travel fore-
casting model proposed a new, comprehen-
sive and integrated model system for land
use activity and transportation system plan-
ning, based on multiple paradigm shifts from
the status quo (Kitamura, et al., in press).
The proposed model system includes a land
use activity system model, .1 sododcmo-
graphic model, a vehicle transactions model,
an activity-based mobility model, a dynamic



network assignment model, and an air qu-
a l i t y model 1 he activity-based approach pla-
ces t r ips appropr ia te ly within the context of
the activities that generate the demand for
travel, emphasizes the interdependencies
among t r ips made by an i n d i v i d u a l over the
course of ,1 day. ,ind on d i f f e r e n t days, and
also emphasizes the interdependencies
among t r ips made by members of a house-
hold ((ones, Dix , Clarke, & Heggic, 1983).
(Sec A x h a u s e n and Carlmg, 1992, and K i t a -
m u r a , 1980, for reviews of the activity-based
approach; also see the discussion of travel-
ac t iv i ty patterns in Chapter 8 of this vol-
ume) . In add i t i on to replacing the trip-based
approach by the ac t iv i ty-based approach,
t h i s team proposed the use of stochastic, mi-
crosimulation in place of de te rmin i s t i c , ag-
gregate ex t rapo la t ion and the use of dynam-
ic, l o n g i t u d i n a l analysis and models in place
of modd'; based on cross-sect ional data and
analysts. In , 'uldi t iun, the use- of a CIS plat-
form was recommended for most of the
models in the proposed system.

It is clear that the travel forecast ing models
in use by the t u r n of the century wil l be con-
siderably more bchaviora l ly based than are
those of today. They will take advantage of
advances in computer technology and will be
designed to provide the breadth and depth of
informat ion required by the new policy and
p l a n n i n g envi ronment . The urban transpor-
tation planning process will also no doubt
c o n t i n u e to evolve and adapt in the fu ture , as
it has in the past, in response to changing
p lann ing and policy issues and societal values.
In the immediate f u t u r e , at the very least, the
urban t ranspor ta t ion planning process will
need to be both more open and at the same
time to incorporate more precise analyses in
order to meet the mandates of both ISTBA
;md f .AAA
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