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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing
highway administrators and engineers. Often, highway
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities.
These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national
highway research program employing modern scientific
techniques. This program is supported on a continuing
basis by funds from participating member states of the
Association and it receives the full cooperation and support
of the Federal Highway Administration, United States
Department of Transportation.
The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board's recog-
nized objectivity and understanding of modern research
practices. The Board is uniquely suited for this purpose
as: it maintains an extensive committee structure from
which authorities on any highway transportation subject
may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmental
agencies, universities, and industry; its relationship to its
parent organization, the National Academy of Sciences, a
private, nonprofit institution, is an insurance of objectivity;
it maintains a full-time research correlation staff of special-
ists in highway transportatiori matters to bring the findings
of research directly to those who are in a position to use
them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO.
Each year, specific areas of research needs to be included
in the program are proposed to the Academy and the Board
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulûll these needs
are defined by the Board, and qualified research agencies
are selected from those that have submitted proposals. Ad-
ministration . and surveillance of research contracts are
responsibilities of the Academy and its Transportation
Research Board.

ï.he needs for highway research are many, and the National
Cooperative Highway Research Program can make signit-
cant contributions to the solution of highway transportation
problems of mutual conçern to many responsible groups.
The program, however, is intended to complement rather
than to substitute for or duplicate other highway research
programs.
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FOREWORD
By Stafi

Transportation
Research Board

This report wilt be of special interest to state and urban transportation planners

involved in travel demand estimation. Of the numerous travel demand analysis

techniques currently available, most use some form of computer models; but docu-

mentation and dissemination of many of the techniques have been quite limited.

This research included a survey of current policy-related issues, an identification of

available travel demand techniques to address these issues, and the development of

new techniques to provide quicker response. This report provides simplified manual

techniques and transferable parameters that can be used as viable alternatives to the

more costly, data-intensive, computer models; a companion document, NCHRP

Report,lSó, describes and evaluates other manual and computer methodologies that

are available.

Most techniques for estimating urban travel demand were developed to

evaluate alternative transportation systems for an entire region. Application of

these comprehensive techniques to provide timely answers to current policy ques-

tions has pÍoven very difrcult. This research effort was initiated to assemble and

modify existing techniques, as well as to develop new approaches, for use by

transportation planners faced with the need to be more responsive to current issues'

this report provides detailed descriptions of manual techniques for use in each

aspect of travel demand estimation; i.e., trip generation, trip distribution, modal

choice, auto occupancy, time-of-day distribution, traffic assignment, capacity

analysis, and development density versus higt¡yay spacing relationships. Numefous

charts, tables, and nomographs are included to simplify each analysis step' Data

requirements are also reduced by making maximum use of transferable parameters

developed from other studies and urban areas. Three scenario applications of the

manual techniques are included to illustrate the potential usefulness of the various

analysis techniques. Much of the information contained in the report is also appli-

cable to computer analysis. The presentation of the procedures is structured to

allow their utilization by transportation planners with various levels of experience'

The Washington Metropolitan Council of Governments was the prime con-

tractor for the ûrst phase of this research, in which policy issues were identifled and

related to available analysis techniques (NCHRP Report 18ó) ' COMSIS Corpora-

tion served as a subcontractor for Phase I and was responsible for summarizing and

evaluating the available techniques, as well as relating them to the policy issues'

COMSIS was the prime contractor for the assembly and development of manual

techniques in Phase IL In a departure from previous NCHRP research projects,

instructional materials were developed for use in training sessions to assist state and

local planners in the application of the numerous techniques contained in this

report. The Transportation Center of the University of Tennessee, serving as a

subcontractor to COMSIS Corporation, developed the training materials' These

materials will be available from NCHRP in late l'978, to any organization wishing

to conduct training sessions.
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SUMMARY

QUICK.RESPONSE URBAN TRAVEL
ESTTMATTON TECHNTQUES AND

TRANSFERABLE PARAMETERS
USER'S GUIDE

This report presents the results of a two-phase effort. Phase I included an

investigation of the ability of travel estimation procedures to provide information
that can respond quickly to urban policy issues. The results of that study are

reporteci in a companion work, "Travei Estimation Procedures for Quick Response
to Urban Policy Issues" (NCHRP Report 18ó). Phase II developed this "LJserts

Guide" describing transferable parameters and their use with manual and computer
techniques for providing quick-response travel estimation. The objective of both
Phase I and Phase II was to provide operational travel estimation techniques with
quick-response times.

In Phase I, policy issueg facing transportation planning agencies were identi-
fled by onsite visits to agencies at the state, regional, and county levels. Responses

to an issue questionnaire were received from many other urban areas of various size

throughout the United States. In addition, current planning documents and litera-
ture were reviewed. Policy issues were compiled and classified, and the demands
placed on travel estimating procedures were determined.

Available travel estimation procedures having the ability to provide rapid
response were compiled, cataloged and described, and evaluated as to input, out-
put, applicability, and.complexity. A classiûcation and evaluation system was de-

vised to allow the potential user to determine which of the available procedures

may be appropriate for a specific analysis purpose. Descriptions and evaluations

of 40 models and procedures are included in the report, which should prove useful
to transportation planners in selecting available techniques appropriate for quick
response to policy issues. It was found that an effective and responsive transporta-
tion planning process must be capable of rapidly providing estimates of the values

of criteria used in the evaluation of multimodal facility and service alternatives.

These evaluation criteria include service, impacts, and costs at less than the regional
scale. It was also found that emphasis has shifted away from long-range, regional
capital facility planning to providing short-range, highway and transit improve-
ments at subregional scales. Land use is a major issue and no longer can be treated

as a fixed input to the transportation planning process.

No single existing travel estimation technique was found adequate to respond

to all the many questions raised. Because of the widespread use and understanding

of the conventional four-step (trip generation, distribution, mode split, and traffic
assignment) travel simulation procedure, it was recommended that this procedure

continue to form at least a partial basis on which the transportation planning
process responds to new needs in the future.

Phase I concluded thaf a need exists for a simplified four-step computerized
procedure supplementíd by "pivot-poinl" and manual methods. Such a procedure

will reduce timeT costs, and manpower requirements, and will permit testing and

evaluating mgte land-use and transportation alternatives. Additionaþ, a need
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exists f{rf reducing data input requirements as well as producing output summaries
and displays relevant to citizens and decision-makers.

The four-step procedure was specifically not recommended to be used in esti-
mating changes in use for nonwork transit travel or for fare and other noncapital
transportation services. It was believed that in order to effectively deal with travel
estimation for an extensive list of transit service options, the introduction and use
of behavioral, disaggregate techniques aimed at specific travel markets will be
required. It was found that these techniques can respond to transportation issues,
but need to be made operational on real-world problems.

Meanwhile, ad hoc methods are also being used as analysts respond to new
needs, and such methods can supplement quick response or conventional procedures.

Specifically, Phase I recommended that a set of capabilities be developed that
include:

o Simplified computerized methods for the four-step (trþ generation, distribu-
tion, mode split, and traffic assignment) procedure that is efficient and will provide
quick response at the regional and subarea level.

o An efficient, policy-sensitive procedure that would evaluate transportation
service and cost changes in terms of economics and social and environmental
impacts on a macro (nonnetwork-specific) basis.

o Manual methods useful for short-range application at the corridor and
project level.

A User's Guide was developed in Phase II to describe transferable parameters,
factors, manual techniques, and the like, to enable the user to carry out a simpliûed
analysis without the necessity of reference to other sources. The User's Guide
(this report) covers the following elements of transportation planning: trip gen-
eration; trip distribution; mode choice; auto occupancy; time-of-day distribution;
traffic assignment; capacity analysis; and development density /highway spacing
relationships. Manual methods are described; however, tables, graphs, and other
transferable parameters may be used by computer methods as ,,default" values
wlere more appropriate local information may not be available.

The User's Guide also illustrates how models may be chained or modified and
applied to provide a quicker and less expensive-to-use planning tool. Discussion is
provided on pivot-point and sensitivity techniques for addressing transportation
issues.

In the area of trip generation, tables are provided that allow estimates to be
made from land-use and socioecotomic characteristics. These data allow estimates
for specific generators; generalized estimates for an area including truck-trip esti-
mates, external travel, and the like; and detailed estimation at a household level
relating trip rates to income and/or car ownership. As is the case for other material,
trip-generation rates are provided for the following population size groups: 50,000
to 100,000; 100,000 to 250,000; 250,000 to 750,000; and 750,000 and over
(generally to about 2,000,000),

For trip distribution, the material provided and procedures described allow the
calculation of trips between points. The process is applicable at the regional scale,
corridor scale, on a local arca/site basis, and is based on the gravity model formula-
tion. Material provided includes: airline distance/travel time/distribution factor
graphs; suggested forms for manual application; examples of application; and
resource requirements.

For mode-choice analysis, a transformed version of the gravity formulation is
used. This version basically estimates transit percent use from the ratio of auto
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impedance to an exponential value, divided by the sum of transit impedance to an

exponential, plus auto impedance to an exponential. With such basic input as

transit fare, parking costs, operating speeds, and headways, the user can determine

a transit or auto impedance using a graph. Using these impedances, the user enters

a graph and reads directly the market share. Techniques for testing policy options,

such as increasedfares or parking costs, are included.

For auto-occupancy and time-of-day analysis, a series of tables is provided.

For auto occupancy, basic material is provided by city size and trip purpose. Addi-

tional data allow time-of-day occupancy estimates, estimates by trip length, and

estimates by parking costs and by land use. Time-of-day tables include distribu-

tions of travel by purpose for auto drivers, transit users, and total number of

persons. Other material is by facility type and location within an urban area.

For traffic assignment, three procedures are described for manual application:

(1) stringing trips through a network with simplified bookkeeping of the resultant

trip volumes; (2) a variation of the "Land Use and Arterial Spacing in Suburban

Areas" developed by Gruen Associates for FHWA (1), which allows inclusion of

a directionality procedure and location-specifrc attenuation factors; and (3) a

sketch-planning diversion process for estimating possible shifts between competing

facilities in a corridor. Capacity procedures are included for corridor and inter-

section analysis.
A manual process is included for developing relationships between land use

and highway spacing to permit the rapid development of a "first-cut" estimate of

future highway needs based on a desired level of service. Level of service is deter-

mined from desired level-of-service volumes or a least-cost volume. Given a land-

use distribution, trip length is computed, future trþ ends are estimated, link vol-

umes are determined, and then desirable spacings are determined. Comparisons of

desired and existing spacings provide a measure of need for an area. A variation

is to run the procedure backward, solve for desired volumes, and, with existing

spacing, determine the amount of land use that can be accommodated by the

highway system.

Three scenario applications were performed using the material in the User's

Guide: (1) a site impact on the surrounding street system in a small urban area;

(2) a corridor analysis in a medium size area; and (3) the land use/spacing rela-

tionships in a suburban county of a large urbanized area. These scenarios fully

describe application of the material provided and also indicate that reasonable

results can be achieved in relatively short periods of time with manual methods'

The study identifies desirable future research and indicates that more expe-

rience is needed to demonstrate the applicability of the manual methods and trans-

ferable parameters by state and local planners. Improvements should be made in

the land use/spacing relationships to allow a policymaker to determine additional

capacity and the associated costs to obtain a desired service level; with a given

dollar level of available funds, to determine the service that can be provided and

the land use that can be supported; and, if a no-build decision is made, determine

how much land-use development can be supported and what will be the user costs'

Other needs identified by the study include: addition of manual methods for en-

vironmental impact estimation; car-occupancy relationships sensitive to policy

considerations, such as provision of special car pool lanes; site-trip generation rates

by type and size of urbanized area (including geographical location); and direct

estimation of trips between areas (direct demand). Particularþ useful to the plan-

ner would be a set of elasticity values to allow quick determination of the effects of

policy changes related to transportation.
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CHAPTER ONE

INTRODUCTION

ORGANIZATION OF GUIDE

The material in this user's guide provides, for each
major element of travel demand analysis, a manual tech-
nique and a set of factors ¿nd transferable parameters to
enable the user to carry out a simplified transportation
analysis. The intent is to allow the analysis to be under-
taken without the necessity of deriving basic relationships,
or of having locally obtained travel-demand data. Simi-
larþ, for computer analysis, the factors and transferable
parameters provided serve as values that can be used in
lieu of locally collected travel-demand data.

A chapter is provided for each major element of the
travel-demand analysis process:

ChapterTwo Trip-Generation Estimation
Cthapter Three Trip Distribution
Chapter Four Mode-Choice Analysis
ChapterFive Automobile Occupancy Characteris-

tics
ChapterSix Time-of-DayCharacteristics
ChapterSeven Traffic-Assignment Procedures
Chapter Eight Capacity Analysis
ChapterNine Development Density/Highway

Spacing Relationships

To illustrate the possible interrelatio:rshiFs between these
major elements, three scenario applications were under-
taken and are reported in three subsequent chapters as
follows:

Chapter Ten Scenario for Site Development Im-
pact Analysis: Boise, Idaho

Chapter Eleven Scenario for Corridor Analysis:
Columbus, Ohio

Chapter Twelve Scenario for Land-Use/Highway
Spacing Analysis: Fairfax, Vir-
ginia

A glossary has been provided to give the user clear
definitions of the various terminologies used throughout this
guide.

OUTLINE OF MATERIAL PROVIDED

The material piovided consists of tables, graphs, nomo-
graphs, simplified methods, sample work sheets for certain
processes, and other devices to aid in simplifying the
analysis procedures. Basically these procedures parallel
the four-step process generally used for transportation
planning; that is, trip generation, trþ distribution, mode
choice, and traffic assignment.

In conjunction with the individual processes described,
procedures and parameters are provided which aid in the

application of such processes and which may not be gen-
erally familiar to the planner. As a quick reference to the
analytic material in this guide, the following outline is
provided.

Trip-Generation Estimation

o Average vehicle trip rates and other characteristics of
generators (Table 1).

o Detailed trip-generation characteristics by urbanized
area population (Table 2) f.or:

50,000 to 100,000 population (Figs. 7 through 12)
100,000 to 250,000 population (Figs. 13 through 18)
250,000 to 750,000 population (Figs. 19 through 24)
750,000 to 2,000,000 population (Figs. 25 through 30)

o Generalized trip-generation parameters and other use-
ful characteristics (Table 3).

Trip Distribution

o Graphs for conversion of airline distance to travel
time and distribution factors by trip purpose by
urbanized area population for:

50,000 to 100,000 population
100,000 to 250,000 population
750,000 to 2,000,000 population
250,000 to 750,000 population

o Construction of the airline distance vs. travel time vs.
distribution factor graphs (descriptive).

o Application of the manual trip distribution procedure
to regionwide or co¡ridor or site analysis (descriptive).

o Graph of time required to apply the manual trip dis-
tribution procedure (Fig. 39).

o Trip-distribution patterns for selected sites (Figs. 51

(descriptive¡.
o Trip distribution usine available accessibility indices

through 56).

Mode-Choice Analysis

o Nomographs for conversion of airline distance to total
impedance for transit and auto modes (Figs. 60
through 70).

o Mode choice model nomographs by trip purpose
(Figs. 74 through 76).

¡ Mode-choice analysis work sheets (Figs. 59 and77).
o Estimating sensitivity to policy changes (descripive).
o Nomographs for estimating change in transit patron-

age (Fig.81).
o Transit rules of thumb.



Automobile-Occupancy Gharacteristics

o Average daily auto-occupancy rates by urbanized area

population and trip purpose (Table 12)'
o Àuto-occupancy rate adjustment factors by time-of-

day by trip purpose (Table l3).
o Auto-occupancy rate adjustment factors by trip dis-

tance by trip purpose (Table 14).
o Average daily auto-occupancy rates by income level

of trip-maker and parking cost at trip destination

(Table 15).
r Average daily auto occupancy rates by urbanized area

population and land-use at trip destination (Table 16).

Time-of-Day Character¡stics

o Hourly distribution of internal auto driver travel by

trip purpose by urbanize<i area popuiation for:

50,000 to 100,000 population (Table 17)

100,000 to 250,000 population (Table 22)
250,000 to 750,000 population (Table 27)
750,000 to 2,000,000 population (Table 32)

r Hourly distribution of internal auto driver and total
vehicle travel by urbanized area population for:

50,000 to 100,000 population (Table 18)

100,000 to 250,000 population (Table 23)
250,000 to 750,000 population (Table 28)
750,000 to 2,000,000 population (Table 33)

o Hourly distribution of total travel on expressways/

freeways by urbanized area population for:

50,000 to 100,000 population (Table 19)

100,000 to 250,000 population (Table 24)
250,000 to 750,000 population (Table 29)
750,000 to 2,000,000 population (Table 34)

o Hourly distribution of total travel on arterials by
urbanized area population for:

50,000 to 100,000 population (Table 20)
100,000 to 250,000 population (Table 25)
250,000 to 750,000 population (Table 30)
750,000 to 2,000,000 population (Table 35)

o Hourly distribution of total travel on collectors by
urbanized area poPulation for:

50,000 to 100,000 population (Table 21)
100,000 to 250,000 population (Table 26)
250,000 to 750,000 population (Table 31)
750,000 to 2,000,000 population (Table 36)

o Conversion factors for critical periods of transit
patronage (Table 37).

r Conversion factors for critical periods of internal
person travel by urbanized area population for:

50,000 to 100,000 population (Table 38)
100,000 to 250,000 population (Table 39)
250,000 to 750,000 population (Table 40)
750,000 to 2,000,000 population (Table 41)

o Conversion factors for critical periods of internal

auto driver travel by urbanized area population for:

50,000 to 100,000 population (Table 42)
100,000 to 250,000 population (Table 43)
250,000 to 750,000 population (Table 44)
750,000 to 2,000,000 population (Table 45)

Traffic Assignment Procedures

o Manual assignment method for small networks
(descriptive).

o Work sheets for accumulating assignment volumes

(Figs. 90, 94, arld 96) and for accumulating turning
moYements (Fig.98).

o Distribution of assignment volumes among available

facilities (descrþtive).
Street requirements using traffic generation/Ûamc

decay procedures (descriPtive).
Traffic shift method for facilities within corridors
(descriptive).

Gapacity Analysis

¡ Determination of intersection capacity (descriptive).

¡ Determination of corridor capacity (descriptive).
r Capacity nomographs for:

One-way streets-no parking (Fig' 119)

One-way streets-parking one side (Fig. 120)

One-way streets-parking both sides (Fig. 121)

Two-way streets-no parking (Fig. I22)
Two-way streets-with parking (Fig' 123)

Rural two-way streets-no parking (Fig. t24)
Capacity conversion for cycle length (Fig. 125)

For each of the travel demand elements in the foregoing

outline a narrative description has been provided in terms

of the following:

r An introduction to the element'
o A description of how the procedures and parameters

were cleveloped.
o Pertinent graphs, tables, and descriptive information

on procedures.
o Examples of application of the procedures and

parameters.
o Data required for application of the procedures'

o Limitations of the procedures and parameters'

o Usefulness of locally developed procedures and param-

eters,
o Useful references,

SUMMARY OF MANUAL TECHNIQUES AND TRANSFERABLE

PARAMETERS

The manual techniques aud transferable parameters

presented in subsequent chapters pertain to each element

of the so-called four-step transportation,planning Process

familiar to most transportation planners. The material for
this process covers the elements of trip generation, trþ
distribution, mode choice, and traffic assignment. Support-

ing the use of these fourTbasic steps are the additional

elements of auto occupa'ncy, time-of-day analysis, and

capacity analysis. Material is also provided for evaluating
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the relationship between development density and highway
spacing which ties together many of the other elements
previously mentioned.

The elements covered can be used singularly or in com-
bination depending on the analysis to be undertaken. In the
description of the elements, alternate methodologies are
presented, each appropriate to specific problems. For
example, the traffic assignment chapter describes.: ( I ) an
all-or-nothing traditional assignment process that can be
accomplished manually; (2) a traffic generation/decay
procedure appropriate for determining street requirements;
and (3) a traffic shift approach for corridors. The mode
choice chapter provides a basic technique based on area-to-
area travel as well as rules of thumb for quick estimates of
patronage change based on alternative policy actions (i.e.,
fare change).

For each element some examples of application are
also provided. The use of a series of elements is illustrated
by the three scenarios described in Chapters Ten, Eleven,
and Twelve.

Trip-Generation Estimation

The chapter on trþ generation contains tables which
enable trip estimates to be made from land-use and socio-
economic characteristics. These data provide: (l) esti-
mates for specific generators; (2) generulized estimates on
an areawide basis with rates for other pertinent travel
characteristics, such as truck trip estimates and external
travel through the study area, and the like; and (3)
detailed estimation procedures on a household level relating
trip rates to income and/or car ownership.

Trip Distribution

The purpose of the material and procedures described
in this chapter is to allow the manual calculation of trips,
as efficiently as possible, between different points. Addi-
tionally, the method described is applicable on a regional,
corridor, or local arealsite basis.

A process is described for manual application of the
Gravity Model which results in a manageable process for
a maximum of between 50 and 80 analysis areas. The
material provided includes airline distance/travel time/
distribution factors for four urbanized area population
groups, suggested work sheets for manual application,
examples for application to' problems that are regional,
corridor, and site-oriented.

One of the short-cut procedures described allòws
measurement of airline distance from a map (ruler) and
a conversion to travel time and distribution factors using a
grãph. Also, tabulation and bookkeeping methods are
described to facilitate manual application.

A process describing the use of accessibility indices
computed for gross analysis areas for trip interchange
estimates between sites or small areas is included based on
accessibility contour plots. These indices can also be from
output of regional models and then used directly for esti-
mating an interchange between two points.

Graphs are included for a number of sites (special
traffic generators) enabling the user to estimate trips to
and from such sites rapidly. These graphs were obtained
directly from available sources.

Mode.Choice Analysis

The mode-choice analysis procedure uses, as its basic
building block, a transformed version of the ..default

model" contained in the program UMODEL of the U.S.
Department of Transportation Urban Transportation plan-
ning System (UTPS). The default model is a simultaneous
model for trip distribution and mode split. The transforma-
tion has been achieved by developing a ratio of transit
trips to auto trips and converting the ratio to a market
share percentage for transit.

This approach requires the user to determine a market
share for each analysis-area pair. With basic input informa-
tion, such as airline distance, transit fare, parking cost, and
operating speed, the user can determine a transit or auto
impedance using curves provided. From the impedance
values, the user can enter a nomograph and read directly
the market share for the auto and transit modes. Also
included are methods to allow the user to test policy
options, such as increased fares or increased parking costs,
and determine the market elasticity. Rules of thumb for
quick estimates of transit-demand elasticity to changes such
as fare are also included.

Automobile.Occupancy Gharacteristics

The tables provided in this chapter enable the conversion
of auto person-trþs to vehicle trips, or vice versa. The
tables include: (1) a base table of auto occupancies by
urbanized area population and trip purpose; (2) a table
presenting factors for adjusting the basic 24-hr occupancies
by purpose to occupancies for a particular hour; (3) a table
providing facto¡s for adjusting occupancies based on length
of trip, by purpose; (4) a table providing auto occupancy
by urbanized area population and land use at the trip
destination (i.e., residential, manufacturing); and (5) a
table providing occupancy data by income level cross-
classified with parking costs.

Time-Of-Day Gharacteristics

The information contained in this chapter allows con-
version of travel on a daily basis to travgl on an hourly
basis, and the development of directional volumes from
nondirectional volume estimates. The approach taken for
auto vehicle trips is to supply a series of summarized data
tables for time-of-day analysis. The tables are primarily
stratiûed by urbanized area population.

Tables are provided for: (1) distribution of travel by
trip purpose and total purpose for internal auto drivers;
(2) distribution of travel for total vehicle travel; (3)
ratio, by hour of day, of total vehicles to internal auto
drivers and; (4) distribution by facility type (freeway,
arterials, collectors), by subregion [central business district
(CBD), central'city, suburbl, and by orientation (radial,
cross-town) where appropriate, of percent total vehicles
and the directional split of travel in the ¡u peak direction.

For transit, factors are provided for conversions between
daily patronage, combined peak-load volumes, peak-hour
volumes, and peak-hour,/ peak-direction volumes.

Traffic-Assignment Procedures

Three procedures are described for traffic assignment.
The flrst is a manual approach to assigning trips through

.l

.



a network and simplified bookkeeping of the resultant trip
volumes. This approach is described at two levels: (1)

detail assignments around a speciûc site including resultant

facility volumes and turning movements; and (2) less

detailed assignments to highway facilities at a corridor
level or "sketch"-planning regional level. A method of
smoothing assigned volumes between facilities is also pro-

vided. The second procedure is a variation of the methods

developed by Gruen Associates (1 ) for simpliñed methods

for major street planning. The improvements include a

geographic orientation procedure as well as a specifrc

method for developing traffic attenuation factors specific

to the study area.
The third procedure is a sketch-planning process in-

cluded for estimating probable shifts in volume between

competing facilities in a corridor. This is based on the
-¡^^L^¡+ia ^¡¡ic¡man+ ñr^^êce lrrrf dnes nnf reouife theùlv9¡¡4ù!¡v 4Þú¡6u¡¡¡vur

use of an origin-destination (O-D) table or route deter-

mination. Rather, a diversion function is developed based

on known volumes and operating speeds' This function is

used to estimate shifts between facilities based on improve-

ments in operation.

Gapac¡ty AnalYsis

Ttvo primary types of analysis are described. A corridor
analysis procedure is presented to investigate volume/

capacity (V/C) conditions within a corridor and to profile

those relationships along a corridor route' An intersection-

analysis procedure is described to evaluate Yehicular move-

ments through intersections.
The corridor approach draws on and extends existing

recommendations of the Federal Highway Administration
(FHWA) for analyses at screenlines and cutlines. This

approach analyzes volume/capacity conditions at key points

along a corridor in an aggregate sense'

The intersection method described uses an analysis of
lane-turning and through-movements to determine the

volume and volume/capacity relationships of an inter-

section. It is presumed the intersection capacity analysis

would be used to investigate the impacts of a site on local

street conditions. The technique requires trip assignment,

including tabulating turning movements at an intersection.

Movements are analyzed to determine, in summation, the

greatest volume of through and opposing traffic' That

volume is compared to average capacities for service levels

as defined by the Highwa! Cøpacity Manual to determine

the service level at which the intersection is or will be

operating. Nomographs are provided for capacity calcula-

tion at the level appropriate for planning using the manual

methods provided in this guide'

Devetopment Density/Highway Spacing Relationships

The basic purpose of the relationships developed between

land use and highway spacing is to permit the rapid devel-

opment of a "û¡st-cut" estimate of future highway needs

based on a desired level of highway service. Given a dis-

tribution within an area of land use, either in terms of
activities (people, households, jobs) or acres by type of
use, and given the presence of an existing highway system'

future vehicle trip ends are computed and adjusted for

'l

improved transit service. The average trþ distance is then
computed from counts or from curves provided and ad-
justed for the future.

Average arterial volumes for a given spacing of freeways

and arterials can then be determined from the computation
of vehicle-miles of travel (VMT), and the level of service

provided by each subarea can be computed. A comparison

of the computed level of service with a desired level of
service indicates a measure of highway needs for the study

afea.
It is also possible to adjust the land-use input to revise

the level of service, or to comPute the amount of additional
land use that can be added for a given level of service.

USEFULNESS OF MANUAL TECHNIQUES AND TRANSFER-

ABIE PARAMETERS

Many of the manual tecirniques and transferabie param-

eters included in this guide will be useful for both manual

and comptterized application. This material is in the form
of tables, graphs, nomographs, and charts and provides

generally transferable parameters. The parameters have

been consistently reported for four urbanized area Popu-
lation groups as follows:

50,000 to 100,000 Population
100,000 to 250,000 PoPulation
250,000 to 750,000 PoPulation
750,000 to 2,000,000 PoPulation

Consistency in trip purposes has been maintained be'

tween the various elements. Material is provided in most

cases for home-based work (HBW) trips, home'based

nonwork (HBNIV) trips, and nonhome-based (NHB)
trips. rWherever possible, total travel demand is provided

by mode without a pulpose stratification.
For both computer and manual application, the factors

and parameters provide "default" values to be used in lieu

of local travel-demand data. Such a need may arise where

local data are not in a suitable form, where the data are

dated, or perhaps nonexistent. Where appropriate models

and/or data are available, it is suggested that factors and

parameters be developed from the local source. This is

based on the premise that differences exist between ur-
banized areas even within a population group and/or
geographic location and that the material provided in this

document represents average conditions across areas.

The manual methods described are not appropriate for
all types of problems. However, ful many cases use of man-

ual methods may be more suitable than a computer appli-

cation. Computer methods are most appropriate for
regional analysis at a detailed level of geography (i.e', a

large number of analysis areas). For analyses requiring

more than 80 analysis areas, manual methods are not

feasible. Ilowever, for regional sketch-planning with
perhaps 20 to 25 analysis areas, manual tecbniques are

õertainly appropriate. Likewise, in smaller study areas, for
example, those with less than 100,000 population, regional

analyiis at a relatively detailed level may be accomplished

manually.
Manual methods are most suitable for specific problem

applications. The impacts of a new development on the
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surrounding transportation system can be urr"rr"d -uorr-
ally. Manual evaluation of alternate proposals for a cor-
ridor is also possible; however, if one expects to evaluate
several corridors; computer methods may be more appro-
priate.

Another important consideration is staff capability.
Where a staff is well experienced with computer application,
many problems can be efficientþ handled by computer
through innovative application of available computer pro-
grams. Care should be taken, however, to consider manual
application which, even in these cases, may be more
efficient (less time, less cost) than computer application.

For manual application, clerical personnel, rather than
the computer, are the resource. A problem that consumes
50 hr of clerical time with some technical supervision may
be less expensive and require less elapsed time than the
use of 10 hr of a computer professional, 20 hr of a trans-
portation technician, 5 min of a computer, and some
technical supervision. Clerical personnel can be hired on a
temporary basis or can be used when required from other
functions. This is not generally the case for the computer
professional.

For quick-response applications, some preliminary work
is desirable. When using the computer for planning pur-
poses, a specific analysis can be accomplished in signifi-
cantly less time if regional models are available, forecasts
by zone completed, networks clean and usable, and the
like, than if these must be accomplished when the need
arises. The same holds true for manual-method applica-
tion. If some base calculations have been completed, and
forecast data are available, and familiarity with techniques
already exists, then quick response is more easily achieved.
If trip distributions, for example, are a repetitive require-
ment, then some preliminary work in applying the distribu-
tion method to a base set of analysis areas will provide
accessibility indices that can be used when quick response
is needed. Likewise, in a study area where a computer
application has been made for regional planning, some of
the computer output will be useful when manual analysis
is required. In many instances, even where regional com-
puter analyses have been completed, manual methods as

described herein could provide quicker response at less
cost than a computer analysis.

SCENARIO APPLICATIONS

To illustrate the applicability of the manual transporta-
tion planning techniques presented in this document, three
scenarios were selected, each representing a "real-world"
transportation problem.

The guidelines established for selection of the urbanized

areas for the three scenarios were based on population
variation and geographical distribution of each area. Tele-
phone calls were made to several potential study areas to
uncover interest in the use of local problems for a scenario.
A key guideline was that the problem would be current
and that cooperation would be provided, at least in gather-
ing necessary background information. Also, it was desired
to apply the techniques to a site-impact, a corridor analysis,
and a land development/highway spacing problem.

Boise, Idaho, was selected for the small urbanized area
application; Columbus, Ohio, for the medium area appli-
cation; and Fairfax County, Virginia, in suburban Wash-
ington, D.C., was selected for the large area application.
Some census data for the three areas are shown as follows:

URBÂNIZED

AREA

POPULA-

TION

MEDIAN VO WOPX
FÄMILY TRIPS BY

cens/nn rNcoMB AUTo

Boise, ID 85,142
Columbus, OH 789,858
Fairfax, VA * 2,479,000

9,900 91.4
10,500 83.4
12,900 73.2

1.50
1.29
1.20

* Statistics given for Washington, D.C., urbanized area.

Personal visits were made to the areas to discuss the
application and potential scenarios. In Boise, because of
its growth, there are numerous requests to analyze and
evaluate transportation impacts of proposed new develop-
ments. Quite often the time to evaluate these is short, and
shortcut manual methods are employed when possible. It
was expected that the impact of a new development would
be a major concern of many smaller urbanized areas, and
such a scenario was chosen for Boise.

In Columbus, a current problem was evaluation of an
improvement proposed for a corridor-to widen a 2-lane
highway to 4 lanes. The facility is on the outskirts of the
area and, as such, is not within the area for which regional
planning is currently accomplished. This appears to be a
problem which would be of concern in many moderate size
urbanized areas. Thus, the Columbus corridor problem
became a second scenario.

The development density/highway facility spacing rela-
tionships are most applicable in new development areas.
Fairfax County, in the Washington, D.C., suburbs, cur-
rently has a population exceeding 500,000 persons which
is expected to exceed 750,000 persons in the next 20 years.
Fairfax thus provided an ideal location for application
of the land use/spacing relationships. The scenarios for
Boise, Columbus, and Fairfax are discussed in Chapters
Ten, Eleven, and Twelve.

CHAPTER TWO

TRIP-GENERATION ESTIMATION
'l

INTRODUCTION

The amount of travel and its characteristics is func-
tionally related to the use of land. For trþ-generation

estimation, land use is described in terms of the character,
intensity, and location of land-use activities. Factors in-
fluencing trip generation include automobile o\ilnership;
income, household size, availability of public transporta-



tion, density of development, and the quality of the trans-

portation system. Trip generation provides the vital
transition between land use and tiavel.

The purpose of trþ-generation estimation is to determine

the number of trips to and from activities in an analysis

area based on the aforementioned factors. Trip-generation
estimation is important in a number of phases of trans-

portation planning and traffic engineering activities. It is

oe""ss"ty for (a) regional study in considering a broad

range of land uses and related social and economic char-

acteristics; (b) in short-range planning in the evaluation

of transportation needs for an urban area, or a specific

corridor; and to (c) assess the impact of a new develop-

ment Such as a shopping center, residential development,

or industrial park.

The diverse requirements for trip-generation estimation
L^,,^ *^.rrlrâ,{ ìn r}ra npp¡l fnr warvino lewels of triD-senerâ-
¡Ierw rvús¡lve

tion information. In this chapter, trip-generation data are

presented as follows:

o For specifrc generators (Table 1).
¡ Detailed trip-generation characteristics for corridor

and areawide studies (Table 2).
o Generalized characteristics for a regional study and

corridor analysis (Table 3).

BASIS FOR DEVELOPMENT

The material presented in Tables 1 through 3 has been

derived from available reports, transportation study data,

and other research. Table 1, "Average Vehicle Trip Rates

and Other Characteristics of Generators," has been derived

from a number of reports presenting information for a

variety of generator types (2 to l9). The trip rates pro-

vided are representative of a wide range of values for each

generator. When appropriate, the user/planner may wish

to collect more local data and perhaps even develop

information similar to that given in Table 1.

The traffic data were collected with automatic counters

which count vehicular traffic entering and exiting a site at

a cordon surrounding the site. Data relative to character-

istics of the site (floor area, employees, etc.) were obtained

through personal interviews, actual measurements, and

other means of contact (mail, telephone, etc.). Information
to supplement the counts, such as auto occupancy and

percent transit, came from some studies where manual

õounts were also made but more usually were estimated

from transportation study reports and origin-destination
(O-D) survey-type data. These trip data, especially per-

cent transit, represeut a wide range of trip-rate values and

should therefore be used for gross approximations only'

The "Detailed Trip-Generation Characteristics" given

in Table 2 have been derived from a number of urban

transportation planning O-D studies-both basic data

and published reports. The time period for the survey data

is the period between 1965 and 1974 a¡d can generally be

thought of as representing an average 1970 condition. The

data used were sufllmarized into four urbanized area

population groups as given in Table 2.

The average daily trip rates for each population group

were compared with a summary of trip rates reported in
the 1974 National Transportation Report (1ó) which

9

represents an estimate of conditions tn t97L and as ex-

pected in 1989. Although there are differences in the

findings, the comparison indicates that the data are of the

proper magnitude. A summary of the trip rate comparison

is provided below:

URBANIZED

AREA POPULATION

I974
pensoN-tnrps/rnr nBpoRt *

r'þßl¡Z (1970) (197L)

50,000 to 100,000
100,000 to 250,000
250,000 to 750,000
750,000 to 2,000,000

t4.1
14.5
11.8
7.6

unstable data
12.6
11.8
8.8

t'Adjustments required to be consistent with definitions of
the previous column.

The income ranges given in Table 2 represent income in
terms of 1970 dollars. Thereforê, if income is used to

enter the table, care must be taken to represent the income

in terms of 1970 dollars.
The "Vo HH by Autos Owned" (col. 4) was derived

from 1970 census data which provides such distribution
by urbanized area. The "Average Daily Person-Trips per

Household by Number of Autos per Household" (col. 5)

was derived from O-D surveys. The "Average Autos per

Household" (col. 2) is a weighted numbei, having been

calculated using the household distribution by auto owner-

ship. The "Average Daily Person-Trips per Household"
(cot. ¡) was computed by applying the auto ownership

distribution to the distribution of daily person-trips per

household by auto ownership. The "7o Average Daily
Person-Trips by Purpose" (col. 6) was not available in the

form given for many of the studies for which the data on

total tìips by income and car ownership were available'

For this reason, older survey data were also used to help

derive the purpose distribution by population group and

within the ðar ãwnership and income categories (17, 19)'

For Table 3, "Part A-Trip Production Estimates," the

findings reported in Table 2 were used for the "Average

Daily Person-Trips per Household" (col. 1) and "/o
Aveiage Daily Person-Trips by Purpose," (col. 4)' The

"/o Average Daily Person-Trips by Mode" (col' 3) was

obtained from the current surveys as well as previously

summarized information (/9). "Auto Person-Trips as a

% of Total Person-Trips" (col. 5) by purpose was esti-

mated from past experience with travel survey data' The

basic observation applied is that work trip Percent transit

is about double total percent transit in an urban area and

that "other trips" percent transit is about half of total

percent transit. The auto-trip-percent for nonhome-based

irips was approximated to be in the same proportion that

home-based work trips are of total home-based trips'

The "Auto Driver Trips as a Vo of Total Person-Trips"
(col. 6) data were derived by applying the auto-occupancy

ielationships reported later in this guide (Table t2 anid

Chapter Five, "Àubmobile Occupancy Characteristics") to

the ãata shown for "Auto Person-Trips as a 7o of Tofaï
PersonTrips" (col.5).

The information for Table 3, "Part B-IJseful Char-

acteristics for Trip Estimation," was obtained from travel
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TABLE 1

AVERAGE VEHICLE TRIP RATES AND OTHER CHARACTERISTICS OF GENERATORS

GENERATORb

\¡EHICLE TRIPSC TO & T'ROI,Í
PER DAY PER

PMCENT TNTPS TN
HOUR SHOI,¡N

TYPTCAI

AUTO

)CCIIPA¡{CY

TYPICAT
ø TRA.t'Isrr
OF TOTAL

PERSON
tnrpsd

DI,¡ELLING

I]NIT ACRE
.M.

EAK

P.M, PEAK HR.
PEAK OF GmI.

Residential
Single Faûil-y
1 Du/acre
2 Du/acre
3 Du/acre
l-l Du/acre
> lju,/acre

9.3
9.3

10. 2
10. 2
ol

9.3
18. 6
30.6
l+0, 8
I+,.j

8.0
B.o
8.0
8.0
B.o

10.8 ro.BIo.B to.I
10.8 to.8
10.8 10.8
10.8 10.8

r.62
r.62
r.67
r.67
r.62

3,2
3.2
3.2
3,2
3.2

Medium Densitv---.(D"pter;-
Torrnhouses
etc. )

5 Du/acre
10 Du/acre
1) U¡lacre

?.0
7.O
?.0

35. 0

70.0
105 .0

8.0 10.8 Lo.8
8.0 10.8 to.B
B.o 10.8 l-0.8

r.r7
1_.r7
r.r7

,.6
,.6
).b

ADa"tüents
15 Du/acre
2) Du/acre
J> lJu/acre
50 Du/ac¡e
60 Du/acre

6.0
6.0
6.0
6.0
6.0

90.0
150 .0
2l_0, o
300.0
360. 0

7.9
7.9
7.9
7.9
7.9

r-0. B 10. I
r0.B 10.8
10.8 ]0.8
10.8 1o.B
10.8 l_0.8

r,16
r.16
r.16
r.56
r.16

12. ll
12. h
12. ll
12.1+
12.1¡

Mobile Hone
Park.-...."'-_,

> lju/8,cre
10 Du/acre
I) Iru/a,cre

tÊ

5.5
27.5
,5.o
82. j

8.3 10.8 rz.j8.3 r.0.8 rz.j
8.3 1o.B r2.,

1.5)+
1.5\
l-. 5l+

L.0
l_.0
1.0

Retirenent
Connunity

Ì0 Du/acre
15 Du/acre
20 Du/acre

3.'
3.5
3.'

35 .0
,2.'
70.0

2.r I2.3_ Iz.L
2.L I2.I 12.1_
2.I t2.Ì I2.I

1. \8
1.1+8
r. l+8

6.0
b.u
6.0

Condoniniuns
10 Du/acre
20 Du/acre
30 Du/acre

,.9
5.9
5.9

59.o
]-18. 0
r77.0

7.r 7.r 7.r
7.r 7.L 7.r7.1 7.r 7.1

r.56
r,16
r.16

9.0
9.0
9.C

Pl-enr¡eti Unit
Gve].op.

) Du/acre
1l Du/acre
2J Du/acre

,lisceLLaneous
Service
Station

Race Track

Pro-Besebal-L

Military Base

7.9 39.'
7.9 118.5"1.9 197.5

-SEE INDIVIDUA], GENENATOR BEI¡W

Station Pt¡mn

T4B r33

Seat Attentlee-iler ï.06-
0,16 t.t8

$ilitery Civilian Totêl_
Person¡el Enployees holovee¡

2.2 7.r 1.8
1000sq. ft .'GFA fuolovee Acre

10.1
10. t
t0,1

T.'

10.1 10. l_

Lo.l- l_0.1
10,1 L0.1

3.0 4.0

1. 58
1. 5B
1.58

L"

2,O'

2.05

I.l+2

7.r
7.r
7.1
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TABLE (Continued)

TYPICAL

AUTO

OCCTjPANCY

VH{ICLE TRT?SC TO & FROM

PER DAY PER

A.M. P.M. PEAK HR,
PEAK PEAK OF GEN.

(SEE INDTVTDUAI, GENEBATOR BELOW

I
I

I

I

1

I
I

5

,
,
,
,

135. 3
50,2 

'7.281.2 30.3

36.r 32.8
oo. o

l+l+. 3

577,0
322.O

33.5 30.9

3l+. T 20. l+

\5.9 20.6

B.T L2.6
5.1- 9.7

6.9 r-1.I

1000

e:o

:

580

3?0

330

900

1.9 9.7 1r.5

2.8 9.6

r-Ì.2 11.3

11. 5 r-2. \

6l .s I :.z.l

T1.9 I 13.2

59.9 I 15.B

r.6ì+
r. 6)+

r.6l+

1 .6l+
I. 6l+ .

1. 6l+

1.6)+
1.6\

I.6l+

r.6l+

r. 6ì+

1. 6\

1. 6l+

1. 33
L.2'

l. 33

r. 33

r.33

1.1+0

1 ât

1. \5
1.35
1.35
r. 35
1.35
1. 35

r.93

1.93
r .93

Free Stanaling
Supernarket
Discoullt Store
Dfecormt Store
vith Super

DepartEent
Stor.e

Auto Supply
New Car
Deeler

Convenience
(2\ hfs. )
(15-16 hrs.)

Shopping Center
Regional (ove¡

1 nill-ion
sq. fu. )(r/2-r
nillion sq.ft

Coûounity
( too,ooo-5oo,
sq. ft. )

Neighborhood.
(unèer 100,000
sq. ft. )

Central Aree
(gig¡ pens. )

Ïnôustrial/
Manufacturine---TF-Ffiltr(ffng

facturing
l{arehouse
Resea¡ch/
Develop.

IndustriaL
Pe.rk

General Light
Ind.

AIl Inclustry
Avg.

Offices
Generel
Medical
Governnental
Engineering
Civic Center
Office Park

Restau¡ants
Quality
Restaurant

Otber Sit -
DoFn

Fast Food

Ma¡ine,
GoLf Course
Bovling
Participant
sports

City Park.
Coulty Park
State Park
I{ilderness

20.7 19.L
8.5

8.5 16.0
l'6.9 r\.6
9.0 11.\

16.9 r)+ . 6

16.0 18.5 2O.2

11.7 3.' 1\5
63., 25.0 \26
\8,3 r2.o 66
23.O 3.' 282
2r.o 6.t 33
21.0 3.3 2'17

9.3 3.1 37

1.8 6.0 r2.5

29.o 6,l+
16. 0 , .'l

,6.3 - 2oo

98.' - 932.) - 7¿e

.o - 1825

- 259.0 18.5: '1'' *2"\
26.5
60. o

- 26.' 5,L
- 6r.1 0.6

I



t2

TABLE 1 (Continued)

-:l

I

ê. The trip rates given are based on a linited nr¡nber of stutlies anti thus must be
used with caution. The ITE Trip Generation Report(.É) proviales current data which
is afso periodically updated. The vehicl-e trip rates includ.e external--internal antl
internal-external trip ends at generators as vell a,s trucks, taxis and. bus.b. Most of the generators exa¡nined are located outside the central business districts
of cities. The trip rates nay thus be inapplicable to sites l-ocatecl within the
dense urban core, particularly in l-arge èities. Va¡iations in generation rates
nay á]so exist because of the location of the generator either vithin a metropol-itan
area or outside that area.

c. lt'e vehicle trip rates presenteal ave actuarly voL'mes into a¡c1 out of the6ite. As such, they nay incl-uale sone trips that llould be passing thesite on the adJacent street system, in any case, while naking a irip for
another reason' antl they are incluced to stop for impulse o¡ convenience
shopping, personal business or to drop off or pick up a passenger. Theproportion of these trips has not been identified, Note also ih"t ,"rrgesln trip rates can be expected and these can varlr ttepending upan Ioca1
conditions.

cI. The typicar transit /" s]novn has a vide range of variation beseal on l-oca_tion r¡ithin an u-rbs,n area, level of se¡vicã provicled, etc., and as such,
shoul-d. be usecl only to provide gross epproximations.e. Does not include school bus transit.

GENERATORb

\TETICI,E TRI?SC TO & FBOM
Pffi DAìr PER

PERCENT TRTPS TN
HOUR SHOWN

TYPICAL

AUTO

0ccuPArfc'

TYPICAL
, TRANSTT
OF TOTAI,

PERSON

TRIPSd

t000sq. ft .
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Parks & Reêre-
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National Monr
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Veterans
Nursing Home
Clinics

11 .9
2L6
3.6

ryl
6.t
5.9

10 .1_
l+. 5
7.8

5.g

B";
1l+. B
r_4,0
)q)

3.2
37. 0
3.8
,_,

72.2
Acre

ì+O 18.0 9 .0

12,5 10.5
1r-.0 ú.,
5.2 7. B

11.?

13.3

2.O:
2.O:
2.0:

2.0:

1. )+o

r.\2
r. h2
1.1+2
1.1+1
1 ?O

r'. !o
1. \0

iz
t7
IO
10
10
t0
10

EdrgeËgnal
Al1 Catego:'ies
For¡.r Year Univ
Jr, College
Secondar¡r

School-
Elenentary

School
Conbined Elen/

Sec.
Libra¡ies

Student Staff--il6'- 13.ã-
2.' 9.8
1.5 28.2

1.\ L9.9

0.6 fI.T

0.8 tt.B
41.8 5r.o

r-1.0 9.0
11.5 7.' 11.J

11.5 l+.9

31. )+ 2.0

16.(

1. l+0

Ì. l+o

L.55

L."

r.55

r.5,
r.5,

I3
13

il
,- L"

J
6

Airports

Generel- Avia-
tion

Comercial

lake-Off/ tuÞfe_yee Acre
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2.' 6.5 3,6]t.B 16.8
tr.B 1Q.5 15.
9.'l 17. 3

r.r2
1.rz

I
J

Hotel-/Motel-
Hotel-
Motel-
Resort Hote1

loon hp]-ôyee
10.5 Ì1.3
9,6 10.6

r-0.2 10.3

7.9 5.T B

o'f >.9 9
2.6 6.8 7

r.56
T,'6
r.93

2
0
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TABLE 2

DETAILED TRIP-GENERATION CHARACTERISTICS "

IJRMI'¡IZED AREA POPtII,ATICÈ'I : 50, 000- 100' 000

:ncone R¿ng(
r9?o $
(ooo's)

Avg Aulos
Pc¡ Httd

Averege
Dêil-y Pe"son-
fllrl nc Per lIH-

% ml øy Autos o¡¡nectÞ
rverage. Dafly PetÞon Trip^E
têr HT{ hv Nô ôf Arrtôc/Hl{c

ø-tl::g RllI^:8"".'
ô 1 2a 3+ 0 I 2 3+ l{Rtt TTBNIÍ NHB

0-3

3-l+

l+-j

)-b..

o-;

T-8

ó-9

9-10

].0-]-2.5

12.5-r>

15_20

20-2'

2r+

o.56

o. 8r

0 .88

0.99

1.0?

r.1?

L.25

1.31

1.1+7

r.69

1. 85

2.03

2.07

It.5

6.8

8.l+

ro.2

11.9

1a D

rl, l,

15.1

16. \
L7.7

18.0

19.0

1a.2

::l
,61

20l

I5

11

I

6

3

2

1

1

39

58

6.

62

6't+

611

62

60

\9

JO

28

2I

19

7

10

t2

1?

20

c?

28

32

iuu

1,"

L

lr

1

t_

I
I
I

2

3

I
13

20

2I

2.0

'D

2,6

?ñ

3.0

3.'
)+ ,8

,,,
6.2

6.t

6.0

6.0

b.u

,.t I

,.al
,.t 

l

'''0 l

L2.5

13.3

rl+. o

1)+, 3

15.0

r5.o

13.5

13.0

12. j

l,::l
,u., 

i

Lr-.,

:.6.5

r7.o

r7 .5

L'(.5

I 
r-8.5

Itn.o

1,n.,

h:

L2.'

15 .0

r5.,

18.0

L9.'

2r.,

22.'

l,u.o

1,,.,

1,,.,

[,,.0

llÏ

2!

2L

]B

18

16

t6

t6

l"
lruL
1,,l*

,7

,7

,'l

,9

,9

6I

6L

6r

6z

62

ô¿

6¿

6Z

22

22
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23

)?

23

23

23

2\

li';
Weighted
Average T." 1l+. I L2 'l+7 35 6 )+.6 L2.6 tT.2 zr. lr r6 6I 23

:1 50

ncome Ìtang
rg?o $
(ooo's)

Avg Autog
Þcr HH u

AVera8e
Daily Person

hi nc Þa¡ IIIÊ

/" nn vy Autos Omeitb
Lverage Dally Person TriDg

^. n".* ^- ruuc
Average Daí1y erson

0 1 2 ?+ o L 2 ?+ HBW ¡ttsNw NI{B

0-3
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0.49

o.'i'2
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L
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,6
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,'l
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0

0

0

I

I

2

5

6

7

t_3
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2!

r.0

r.T

2.'

3.'
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5'l+

t.B

6.3

6.8

?.0

7.2

't.,

7.5

9.2

10.2

1I,l+

L2. j
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15. 0

r5. I
16. o

16. o

15. 0

15. 0

15 .0

10. 5
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1l+. 5

r)+. 5

]-5.6

r?.0

r7.5

l-8.0

19.0

20. l+

21. 0

21.0

21.0
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16.1+

a7.6

r9.o

20.,

22.2

23.0

23.'

2l+.,

2r.o

25.'

25.'

25.2
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20

L9
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L9

r8

1B

1B
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5B

5B
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,'l

,6

,6

t,
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ú
r8
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20
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c?
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Dq

¿õ
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2'l

Wt. Avg. r.r, rl+, 5 th l+8 33 6 5.l' 13.? 18. l+ 22.\ 20 ,7 23
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TABLE 2 (Continued)

IJRBÆ{IZED AREA PORILATION: 250.000 000

Avg Autqs
Þe¡ HHd

Average
Daily Person
'î¡inc nar FH€

l[ utt ty Autos or,¡¡edb
\yerage Daily Person Trips
)er.HH by üo. of Autos/Hgc

ø *:::r:..o*r l:i"on1970 $
0 I 3+ r'l Ì ?+ HBT{ HBNII NTTB

0-3

3-4

\-,
>-o

6-7

7-8

8-9

9-10

LO-rz.5

72.5-r5

L5-20

20-25

25+

o,l+?

0.77

0. 88

1. 0r_

1.10

I.2l+

1. 33

r.40

1. 58

r.72

l.88

2,0\

2.08

3.3

t.B

6.9

8.l+

9.'

f0.9

1r.7

12. l+

13. 5

14.6

L5.5

16.0

]-.6.z

5B

s8

29

20

l-l+

I
6

l+

2

2

2

1

1

3?

,7

6z

65

6I+

6o

,7

\6

36

26

20

rl

,
10

12

16

19

25

30

?<

'\6

,3

5B

59

6I

0

2

2

2

J

4

\
6

9

1\

20

2T

_1. 4

c^

2.'

2.9

3.5

l+.0

\.6

5.2

,.5

,.,
5.2

,.o

5.0

,.6

7 .l+

8.0

9.0

9.7

10.6

tI.0

LI.2

11.3

11.1+

11. 5

12.0

12.0

9.3

10.8

11.5

12.1_

L2.7

13. 5

r\.2

r)+.8

rr.6

l-6.1+

16.7

t6.T

L6.7

9.3

11.1

1l¡ 9

12.'l

13.5

1l+.4

15. 3

16.2

L7.6

18.8

19. r

18.6

18.6

10

13

2J.

22

¿v

20

20

20

20

20

20
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67

6l+

,7

,6

,,
,5

,5

,,
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,3

52

,0

,0
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2'

2'

2'

2'
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l{t. Avg. L.l+1 118 L2 )+rt 37 T \.3 10. 0 Il+, l+ 15.8 20 5' 2'

f-iT

Á
I

'.i
.i
,l

:':j'''l
:i

b. Source:
Source:

uafcu¿aI'ec Luslng bJ.
Calcul-ated (using .b and. e)*

OPt[ÂTIq{: 750.000-2.00 000
.ncomeRang

19?0 $ Avg Autos
Þ-¡ md

Avera€e
DaiJ-y Person
Tri¡s ¡cr lÌI{€

% nn ty Autos owned.b
Avera.¡ge Dai.ly Person TiTps
Per HH by No, of Autos/HHc

% Avetage Deily pelson
Trips bv Pumosel'

0 I 2 3+ HBI.T IIBNW NHB

0-3

3-l+

\-:
5-6

o-t

?-B

8-9

9-10
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]-2.5-r)

rr-20

20-25

25+

0.1+T

0. 68

O. TB

0.8ì+

0.95

1.06

1.16

T,2'

1. l+t

1. 60

t.77

r.95

2.02

1.9

3.7

\.s

5.l-

t.8

6.,

7.2

t.t

8.5

9.'l+

9.9

r0. 6

11.0

'B
l+0

32

^O

22

16

12

9

,

2

ltt

t,,
Iru
lro

62

6s

63

6I

,6)
L5 I

3'l

::l

5

a

10

12

1C

20

23

27

J4

)+6

,L

56

58

0

0

0

0

I

I

3

5

7

12

TB

20

0.8

2.0

2.5

2.7

2.9

3.0

3.2

3.3

3.4

3.6

J.Þ

3..7

l+.0

3.2

l+,5

5.0

5.6

6.t

6.s

6.9

7.r

7.5

7.6

7.o

7.0

5.7

?.0

7.5

8.0

8.6

OD

9.5

9.9

10.1

l-0.7'I

10,? I

lt.1 I

Ir1.3 
|

t"::

1....
111.0

l''.u
12.2

]-2.6

13.0

13 .6

L\.2

1)+ .6

r\.8

1\. B

14

22

28

28

28

¿l

¿l

27

26

cq

2l+

2\

¿5

66

59

53

53

53
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,3

>4

53

,3

,3

,3

5lt

tï
t;
l,o

20

19

27

¿¿

9a

23

23

Wt. Avg 1. 31 7.6 15 l+B 32 6 3.1 6.j 9.' rz.6 25 5t+ 2I
e. 'I'otaf of internal- and externaL trips generatu¿

1970 Census
Origin-Destination Surveys. Source: References (17 and þ).
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TABLE 3

TRIP-GENERATION PARAMETERS

î2=

TO ESTIMATE TRIP ÀTTRACTIONS FOR ÀN AIiI.AIYSIS AREA,-USE:

IIBI{ rrip Attractions = 
", E.f (¡natysts Aree Total mproyneat!

f /Anarysrs AreÀ /¡o.ry"i" ¡""ù
HBNW Trip Attractions = r, llo.o I n"tarr ) + 0.5 [ Non-Retail I-L \Ê¡Floynent/ \mpl-otrneut /

f /noarysr" ¡¡uÀ [n*1y":." 1"."\
NHB Trtp Attrectlous = ra I e.o t Reteil | + 2.! [ Non-Betail I-L \¡Ìnploynænt/ \mploynent r/

llhere: F1, F2 e.ud F3 are a¡eawlde controf factors.

,

- Areawid.e Protluctions for IIBW t¡iÞs
-{ 1.? (Areawitle Total, hBloynent)

- TRIP PRODUCTION ESTIMÀTES

PART B - USEFUL CHARACTERISTICS FOR TRIP ESTIMÀTION

PÀRT C - TRIP ATTRACTION ESTII{ATING RELATIONSHIPS
(À11 Population Groupings for either Vehicle or Person Trips)

a. Fron Table 2.
b. Source: Ref. (19).
c. Source: orfglu-DeeÈfnatLoû Surveys.
d. Calculated ueLng c and Table 12, Chapter lfve.
e. Source: Ref. (20).
f. Source3 Ref. (19).
g. Source: OffLce of P1ant¡1r¡g l.fe¿hodology and Techntcal Support, IffTA.

Áotry"i" e"""\-ì

''' \ Tilî:' ))
." t*ï:ii:f""n

AveÌa€e
DêiIy

f Avera¿e Dal1y
Person T-rips
by ModeÞ

f Average Daiþ
Person Trips
by Pu-rposea

Auto Person Trips
asafofTotal
Person Tripsc

Auto Driver Ttips
¿saÍofTotal
Person Tripsd

Urbanizeè
Areê

Popu].etion

Person
Trios
Per iIIf

PubLic
lrglrsit

Auto
Paasenget

Auto
Driver HBSI HBNI.l NIiB mt{ Ë3NI,T NITB i{3I{ IiBNW NËB

50,000- 100,000

100,000- 250,000

250,000- ?50,000

?50,000-2,ooo,000

1l+

1l+

12

I

2

6

B

r_3

\0

30

31

30

>o

6\

6r

57

I6

20

20

25

6t

57

,,
511

23

23

Dq

21

oÁ

88

ö4

Tl+

99

97

96

93

98

9\

92

B6

70

64

62

56

54

54

54

53

68

66

64

60

Xxterns.I Travel- Cheacteristics Total A.reavlde
Truck Trips
as a% of

Areawid.e Auto
Driver Tripsf

U¡banize(l
A¡ea

Populetion

Í of Total ExlernaL
Trips Pessing-
Through Area-

% ot f!ota]- External
Trips to
Èhe CBDe

50,000- L00,000

l_00,000- 250,000

250,000- 750,000

750,ooo-2,ooo, ooo

2I

I5

10

l+

22

r8

L2

ca

L7

16

tb

ùrelIing
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information summarized earlier from available survey
information (19). The information on "Vo of Total Ex-
ternal Trips Passing Through Area" (col. 2) and *Vo of
Total External Trips to the CBD" (col. 3) is from a
report published in 1961 based on surveys taken in the
several preceding years (20). A few more recent surveys
were reviewed and were found to compare favorably with
the data given in Table 3, Part B. The information on
truck trips was summarized from a number of transporta-
tion studies completed from the mid-1950's to the mid-
1960's (19).

The factors and parameters provided in Table 3, "part
C-Trip .Attraction Estimating Relationships," Ìilere ob-
tained from the Office of Planning Methodology and Tech-
nical Support of the Urban Mass Transportation Adminis-
tration (UMTA). The material was developed for the
so-called default model of the Urban Transportation
Planning System (UTPS) (29). Trip attraction values on
a nonsite-specific basis are used for regional and corridor/
local planning primarily as factors or weights for distribut-
ing trip productions and are scaled up or down with
respect to trip-production estimates. The use of areawide
adjustment is compatible with the accuracy usually desired.

DATA REQUIRED FOR APPLICATION

The data requirements for application of the information
provided for trip generation include land-use and socio-
economic characteristics generally used for areawide
planning and site-specific characteristics used in land-
development analysis. The material provided allows some
variation in data requirements based on data availability,
level of analysis required, and time available.

For site-specific estimates the following input is required:

GENERATOR INPUT REQUIRED

Definitions of the appropriate units of measure for Table
I follow:

o Dwelling unit (DU): A place of domicile such as a
single-family home, apartment, and the like.

¡ Acre: 43,560 sq ft; as used here it includes all
developed land area connected to a site, including parking
lots, and the like.

o 1000 GFA: The gross floor area of a site under roof
in terms of 1000 sq ft.

o Employee: A person who works at a location, gener-
ally in the employ of a business located at the site.

r Staff: For hospitals, a doctor, nurse or other em-
ployee; for schools, a faculty member, teacher or other
employee.

o Student: A person enrolled full or part-time in courses
at a school or other educational facility.

¡ Bed: For hospitals, the number of beds available for
patient care.

o Take-off,/landing: For airports, the sum of aircraft
take-offs plus landings.

o Room: For hotels and motels, a room or suite of
rooms available for overnight stay of a guest(s).

o Military personnel: A member of the armed forces
assigned to work or train at a military installation.

r Civilian employee: A non-military worker whose
place of employment is at a military establishment.

o Total employees: For a military base, the sum of
civilian and military personnel.

o Seat, attendee, station, pump, and the like: Self-
explanatory.

To use the material in Table 2, estimates are required
of the number of households by income category. Using
these two parameters the tables may be entered to obtain
an estimate of average autos per household or the distribu-
tion of households by car ownership. AIso, an estimate
of average daily person-trips may be obtained as well as the
number of trips by car ownership. In lieu of income, the
table may be entered with average autos per household. If
both income and an auto-ownership distribution are avail-
able for households, the table may be entered with both.

To use Table 3, Part A, only the number of households
is required. For Part B, a cordon count and total regional
auto driver trips are required. Part C requires, for each
analysis area, total employment, retail employment, and
number of dwelling units.

TRIP.GENERATION DATA AND EXAMPLES OF USE

Table 1, "Average Vehicle Trip Rates and Other Char-
acteristics of Generators" provides information on vehicle
trip rates for a number of different type generators. There
are four major sets of information given for each generator
described as follows:

l. Vehicle trips to and from per day. This provides
up to three trip rates based on the most appropriate land-
use measures for each type of site, such as trips per em-
ployee, acre, and dwelling unit. A trip is defined as a
one-r¡¡ay vehicle movement with either the origin or the
destination in the study area. Therefore, the trip rates
shown represent the sum of the vehicular trips to and from
a site (or trip ends) divided by a measure of the land use

Residential

Industrial/ manufacturing,
omces

Restaurants

Banks

Parks and recreation

Hospitals

Edueational

Airports

Hotels/motels

Retail

Military bases

Race tracks, baseball

Service stations

Type of residence and number
of dwelling units or acres of
development.

Gross floor area (GFA), or
employees, or acres of devel-
opment.

Gross floor area or acres of
development.

Gross floor area or employees.

Acres (or employeos for a few
types).

Staff or beds.

Students or staff.

Take-offs and landings or em-
ployees or acres.

Rooms or employees.

Gross floor area or employees
or acres.

Military personnel and civilian
employees or total employees.

Seats or attendees.

Number of pumps.



such as number of dwelling units, acres, employees, and

the like. Vehicles includes automobiles, trucks, taxis, and

buses.

2. Percent in hour shown. This provides percentages

that can be applied to daily trip (or trip end) estimates

based on the trip rates to obtain the traffic generated in the

ervr peak hour and the pr'r peak hour of the surrounding
street system, or if the peak hour of the generator differs

from the er'r or the rlt peak, the peak hour of the generator

should be used. For example, a general hospital can be

expected to generate 14 trips per bed (Table 1). For a

hospital with 100 beds, one can expect 1,400 trips (or

trip ends) per day (100 X 14)' In the au peak hour
(nòrmally occurring between 7 and 9 AM in most areas),

approximately 18 percent of total daily trips can be ex-

pected to enter or leave the facility, ot 252 vehicles (0.18

X t,+OO¡. In the plvr peak hour (normally occurring be-

tween 4 and 6 rrvr in most ateas), approximately 9 percent

of total daily trips can be expected to enter or leave the

facility, or t26 vehicles (0.09 X 1,400). Inasmuch as no

percentage is given for "Peak Hr. of Gen." (col. 3), the

peak hour of the hospital occurs in the ¡r'r.
3. Typical auto occupancy. This provides the means for

converting vehicle trips to auto person-trips. Auto occu-

pancy is the average number of persons per automobile,

including the driver and any passengers. To obtain an

estimate of auto person-trips, the vehicle trips from the

column "Vehicle Trips To and From Per Day" (col. 2) is

multiplied by the auto occupancy. For example, consider

an acre of single-family residential area with 4 DU's per

acre. The average vehicle trip rate (Table 1) is 10.2 per

dwelling unit resulting in 40.8 trips to and from the area

per day (10.2 trips/DU X 4 DU's). The number of auto

person-trips would be estimated at 68 (40.8X 1.67).
È.c".tse vehicle trip rates include other vehicles in addition
to automobiles, application of auto-occupancy rates to

vehicle trips will result in a slight overestimate.

4. Typical percent transit ol total person'trips. This
provides the opportunity to estimate total person-trips,

as well as transit trips, to and from a speciflc site' Percent

transit is the percent of total person-trips expected on

transit. For example, based on Table 1, 10 percent of the

total person-trips (or trip ends) generated by a nursing
home can be expected to be made by transit. If a nursing
home had 100 beds, it would be expected to genetate 27O

daily vehicular trips to and from the facility (lOOX-2.7).
A vehicle occupancy of 1.40 for the nursing home implies
378 auto person-trips (27OX 1.4), corresponding to 90

percent of the total person-trips. Thus, total person-trips

would be given by 378 X 100/9O:420. Then, transit
person-trips would be estimated at (42O - 378) ot 42.

The percent transit provided can only be considered a very

rough estimate because public transportation use varies

significantly by the location of a generator in an urbanized

area, by the level of service provided and, by the character

of the urbanized area. Transit data have been obtained

for some specific sites (2, 3) as well as from origin-

destination data using data summarized by land use or
pulPose.

Table 2, "Detailed Trip-Generation Characteristics,"
provides useful information for estimating trip rates based

l7

on differences in income and/or auto ownership' The data

are from a number of transportation surveys that have been

summarized into four urbanized area population groups.

Income is in terms of a 1970 dollar, and incomes for other
periods must be adjusted to this base when using the table.

For example, if trip estimates are to be made for 1980, the

number of households in each income category must be

determined by converting 1980 incomes so that they are

expressed in terms of a t970 dollar base. To convert a

dollar value for some other period to a 1970 dollar base,

the consumer price index is used. The U.S. Department of
Labor, Bureau of Labor Statistics provides this index for
the United States as well as for many cities and Standard

Metropolitan Statistical Areas (SMSL) (21)- First the

consumer price index must be converted to a 1970 dollar

base if it was constructed with reference to another year.

To accomplish such a conversion, the consumer price index

for 1970 is divided into the original indices and the result

multplied by 100. As an example, assume the following
information with 1971 as the base equal to 100:

CONSUMBR PRICE

INDBX I.971 BASE

INDEX CONVERTED

ro 1970 nese

1960
1965
1970
r97r

73.r
77.9
95.9

100.0

76.2
8t.2

100.0
104.3

To convert to a l97O base, all values in the foregoing
table (left column) would be divided by 95.9 and the

result multiplied by 100 (right column). With this con-

version accomplished, the index to a t970 base is applied

by dividing the index for the applicable year into the

income data for that Year'
The most complete forecast of income has been prepared

through a joint effort of the Bureau of Economic Analysis

of the Department of Commerce and the Economic Re-

search Service of the DePartment of Agriculture for the

U.S. Water Resources Council (22). The data are con-

tained in seven volumes which include historical and

projected measures of population, employment, personal

income and earnings for states, economic areas, SMSA's,

and water resource regions'
The data in Table 2 can be used in several ways. If an

estimate of zonal average autos Per household is available,

an estimate of average daily trips per household can be

made directly. For example, in an urbanized area of
50,000 to 100,000 population, L1.9 average daily person-

trips per household can be expected to be produced where

the average car ownership is 1.07 per household. This is

an appropriate use where zonal averages are most eaSily

developed or available. Where the number of households

by income range is forecast, an estimate can be obtained

of:

o Average autos per household.
o Average daily person-trips per household'
o Percent of trips bY PurPose.
o Percent of 0, 1, 2, and 3 * auto households.
o Trips per household for 0, 1,2, and 3 * auto house-

holds.
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A useful application of Table 2 is to obtain control totals
for an urbanized area based on income distribution fore-
casts. These controi totals would include the information
listed previously for the entire urbanized area, thereby
providing a basis for controlling estimates derived at the
zone or household level.

The "Average Daily Person-Trips per Household" (col.
2) information in Table 3, "Part A-Trip production
Estimates," is based on the information presented in Table
2. The information in column 6, Table 2, "Vo Average
Daily Person-Trþs By Purpose" is an expansion of the
1970 average condition and may vary if the trip rate varies.
A review of the "/o Average Daily person-Trips by
Purpose" (Table 2, col. 6) as related to income and/or
average autos per household suggests that using these for
another year would not cause significant variation in
results. Likewise, the "Auto Person-Trips as a Vo of Total
Person-Trips" and "Auto Driver Trips as a 7o of Total
Person-Trips" (Table 3, Part A, cols. 5 and 6) can be used
for years other than 1970 as long as the basis underlying
their development as previously described is clearly under-
stood. Table 3, "Part B-Useful Characteristics for Trip
Estimation," presents rough-cut approximations that can
also be useful for a forecast, again keeping in mind the
basis of their development.

To illustrate the use of the material in Parts A and B of
Table 3, assume an urbanized area with 200,000 population
and 65,000 households. With 14 average daily person-
trips per household (Part A), a total of 910,000 internal
plus external trips can be expected. Twenty percent of
these would be home-based work (HBW) trips, or 182,000
daily person-trþs; 57 percent home-based nonwork
(HBNW), or 518,700; and 23 percent nonhome-based
(NHB), or 209,300. Of the total 910,000 person-trips, 6
percent or 54,600 can be expected to be,transit person-
trips; 30 percent or 273,00O, auto passenger trips; and
64 percent or 582,400, auto driver trips. To obtain auto
person-trips by purpose, the total trips by purpose would
be multiplied by 0.88, 0.97, and 0.94, respectively, to
obtain HBW, HBNW, and NHB trips. The results would
be: 160,160 HBW person-trips by auto; 503,139 HBNW
person-trips by auto; and 196,742 NHB person-trips by
auto. Auto driver (auto vehicle) trips for different pur-
poses would be similarly calculated using 0.64, 0.54, and
0.66, respectively, for a total of 534,716 trips. From
Part B, truck trips can be estimated at approximately
90,902 (534,716 auto driver trips X 0.17). If cordonline
counts are available, the number of external trips passing
through the area would equal 15 percent of total external
trips. However, to make use of cordon çounts that include
through trips twice, an adjustment is necessary to determine
the absolute number of trips involved.

This adjustment is best shown by an example. Assume
a cordon count of 100,000 vehicles per day. These are
made up of internal-external trips, external-internal trips,
and external-external trips. The external-external, or
through trips, are counted twice. To calculate such trips,
the 15 percent from Table 3, Part B, would be used as
follows:

Count: Trips X (1 f Proportion of through trips)
Count: Trips X (1 + 0.15)

If the total cordon count is 100,000, for example, the

total external trips would be estimated as -100'000115 ' or
86,957 trips; of these, 15 percent are through trips, or
13,043. To visualize this graphically, refer to Figure 1.
From Table 3, Part B, the number of external trips ex-
pected to be destined for the CBD would be O.22 X 96,957
or 19,131.

Table 3, "Part C-Trip Attraction Estimating Relation-
ships," allows estimation of trip attractions. For HBW,
HBNW, and NHB trip purposes, in order to adjust the
attraction rates to "fit" a particular size urbanized area,
the trip-production control total for the area should first
be developed using either the material in Table 2 or Table
3, Part A. For the example described previously, total
area productions controls were:

HBW
HBNW
NHB
Total

Total employment
Retail employment
Dwelling units

518,700

182,000
518,700
209,300

i"n'l
Q

910,000

Assume, for example, the following employment-residen-
tial mix:

75,000
15,000
65,000

Areawide control factors are next developed using the
relationships in Table 3, Part C¡ as follows:

- 182.000þ' - :.--jtl-=-= : : : : 1.43' 1.7(7s,000)

10(15,000) + 0.5(60,000) + 1.0(65,000)
209,300
2(15,000) + 2.5(60,000) + 0.5(65,000)

These controls are used when attraction rates for analysis
areas are desired. For example, if an analysis area has a
total employment of 1,000, a retail employment of 200,
and 500 dwelling units, the trip attractions would be cal-
culated as follows:

HBW : L.43 X 1.7 X 1,000 :2,43I
HBN\ry:2.12 t(10 X 200) + (0.5 X 800)

+ (1.0 X 500)l :6,148
NHB : 0.98 [(2 X 200) + (2.5 X 800)

+ (0.5 X 500)l :2,597

It is possible to use the material provided in Table I
for specific activity sites to develop trip-end estimates
through aggregation for an entire urbanized area, corridor,
or small area. With a generalized land-use map providing
land allocated to various uses and with more specific details
on certain generators (i.e., educational facilities, hospitals,
etc.), total trip ends by analysis unit (block, zone, district,
etc.) can be developed for residential and nonresidential
uses. The data in Table 2 or Table 3 can be used to
develop a control for the entire study area as well as to
adjust the total trip ends developed from Table 1.

For example, assume the total person-trip ends for some
urbanized area of 150,000 population, based on the
material in Table 1, is estimated at 1,200,000. The total

Fz:

Fs:

:2.L2

:0.98
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number of person-trips is one-half of this or 600,000.
Using the material in Table 3 for this size area, the average
daily person-trips per household is estimated at 14. If
there are an average of three persons per household, this
urbanized area would have 50,000 households and generate

approximately 700,000 person-trips. The size area being
handled, then, can be expected to generate about 17
percent more person-trips than the averages produced by
using the rates in Table 1. This is a convenient way to
adjust Table 1 values for specific urbanized areas. The
adjusted values are an approximation because the figures
in Table 1 include truck trips and trips made by external
area residents; also, Table 3 values are for internal and
internal-external trips made by area residents.

To use Table 2 in estimating trips by household for a

study area (region, zone, district, corridor, etc.), an esti-
mate is required of the number of households by income
range (1970 dollar base). With this estimate, the user can
obtain from the table for a particular urbanized area, the
average autos per household, average daily person-trips per
household, percent households by autos owned, average
daily person-trips per household by number of autos per
household, and percent average daily person-trips by pur-
pose. For example, if there are 1,000 households in the
$6,000 to $7,000-income range in an urbanized area of
750,000 to 2,000,000 population, the following results
would be computed:

Average autos per household : 0.95
Total autos ( 1,000 X 0.95) : 950
Average trips per household : 5.80
Total trips generated (1,000 X 5.80) :5,800
Households with 0 cars
Households with 1 car
Households with 2 cars
Households with 3 cars
Trips by 0 car households
Trips by I car households
Trips by 2 car households
Trips by 3 car households
Total trips by all households
Trips generated: HBW
Trips generated: HBNW
Trips generated: NHB

:22Vo or2ZOI{}I
= 62Vo or 620 HH
: ISVo or 150 HH
:lVo or 10 HH
:2.9/HH or 638
: 6.1/HH or 3,782
: 8.6/HH or 1,29O
: 11.6/HH or 116

:28Vo or 1,624
: 53Vo or 3,t74
: l9Vo or 1,102.

The HBW and HBNW trips are generated at the house-
hold, whereas the NHB trþs are generated elsewhere.
Chapter Ten, "Scenario for Site Development Impact
Analysis: Boise, Idaho," describes an approach to handle
this difference.

To use the information in Table 3, the following input
is required:

INFORMATION REQUIRED INPUT

ToÈaI Count
739L4
1304 3
13043

rõõ-¡õõ-

Total External Trips
Internal/External = ?39i4

rhrough = _-13-ù13
86,957

Figure 1. Relationship of cordon count to external tríps.

The material contained in Table 2 is shown graphically
in Figures 2 through 4 to visually portray the trip-genera-
tion relationships provided Tor the user who might find it
more convenient to use graphs. Figure 2 provides average

daily person-trips per household as such trips vary with
average autos owned per household for the four urbanized
area population groups. Fþre 3 shows the relationship of
auto ownership to income and Figure 4 shows the relation-
ship to trips to income and autos owned.

Limitation of Data

In using the information in Table 1, the user must keep
in mind that the values given are averages and that they
vary by location in an urbanized area, by size of urbanized
area, and by location within the United States (i.e., east

coast versus west coast, etc.). However, the material does

provide "order-of-magnitude" estimates that are useful for
many applications.

The trip data and car-ownership data in Table 2 bave
been summarized from a number of urbanized areas and
grouped by population. Consideration must be given to the
fact that trip rates for a specific area may vary significantly
based on special characteristics (e.9., high proportion of
retired persons and high tourism).

The information in Table 3 regarding external trips is
based on rather dated material and should the¡efore be used

with caution. The material provided in all the tables allows
use at various levels of detail and provides some choice to
the user as to level of analysis appropriate for a speciûc

application.

USEFULNESS OF REGIONAL GENERATION RATES

If manual techniques are to be applied for some level of
study (i.e., corridor, site) in an urbanized area where
regional planning efforts have resulted in pertinent data or
procedures for trip generation, the local results should be

considered for the special study. Generally, regional data
will provide more specific information for the area in ques-

tion than the material provided herein, which provides

averages for regions of several sizes.

Part A-Trip-production
estimates

Part B-Useful trip char-
acteristics

Part C-Trip-attraction
estimates

Number of households

Cordon count; regional auto
driver trips

Total employment; retail
employment; dwelling units

Internal -External
+

External'- fnternal
Trips - ?3914
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Care must be taken in using trip-generation relation-
ships developed for a region by multiple regression tecb¡i-
ques and applying them to more specific problems at a

corridor or site level when differing geographic analysis
units are used. Disaggregàte analysis, such ayaccomplished
with cross classification at the heusahold-t/evel and reflected

by the material in Table 2, produces results that can be
applied at any level for which land use and related char-
acteristics can be developed. Likewise, at the nonresidential
end, sufficient disaggregation is desirable to allow a detailed
accounting for any specialized land uses in the area of
study.
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CHAPTER THREE

TRIP DISTRIBUTION

INTRODUCTION

Trip distribution is the process by which trips from one
area are connected with trips from another area, thereby
linking origins and destinations or productions and attrac-
tions. Inputs to the trip-distribution process include trip-
generation values as may be prepared by methods described
in Chapter Two, "Trip-Generation Estimation." Schemat-
ically, trip generation provides the information shown on
the left-hand side of Figure 5, whereas trip distribution
provides the linkage shown on the right-hand side of the
figure.

Trip distribution is a signiûcant element of the planning
process because it is the trip interchanges that eventually
have to be accommodated by a transportation system. The
importance of trip distribution is in terms of trip length and
trip orientation and the resultant magnitude of traffic and

passenger volumes. The results of the trip-distribution
process are often "assigned" to the highway and/or public
transportation systems to determine system demand loads
as related to the carrying capacity of the facilities in
question.

There are many trip-distribution procedures; such proce-
dures may be grouped into two categories: growth factor
techniques and synthetic travel models.

Growth factor techniques are used to project a known
trip distribution by multiplying interchange values by
adjustment factors calculated at the origins and destinations
of the trips. These adjustment factors are based on changes

in land-use and socioeconomic characteristics of the origins
and destinations. Synthetic travel models synthesize travel
patterns by relating such models to characteristics of the
land-use pattern and the transportation system.
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500 trips
produied

250 attracted

550 trips
Procluceal

400 attracted

Trip ceneration TriÞ Distribution

FOOTNOITE

Itre arrows clo not indicate the direction of
travel floer, but rather the linkage of triP
producÈions with triP attractions.

Figure 5. Diagrammatic representation oÍ the ttip-generatíon ønd ttip-distribution processes'

For the purpose of inclusion in this guide, the Gravity
Model was selected for a manual trip-distribution process

based on the following considerations:

o The Gravity Model is the most widely used technique;

and as such, calibration values are available ftom numerous

applications.
¡ The Gravity Model is most easily understood by and

explained to technicians, administrators, citizens, and the

like.

Also included in this guide are distribution characteris-

tics for several types of land uses that may be used for
gross distribution of trips to the area surrounding a specific

site.

Theory of the GravitY Model

The Gravity Model is mathematically expressed as:

BASIS FOR DEVELOPMENT

Most of the synthetic travel models have similar char-
acteristics: the trip interchange is a function of the trip-
producing and trip-attracting powers of the land develop-
ment and of the spatial separation between them. The
most widely used and best documented of the trip-distribu-
tion procedures is the Gravity Model (23, 24). This
model, which parallels Newton's law of gravitation, is

based on the assumption that all trips starting from a
given area (e.g., zone) are attracted to other areas in direct
proportion to the size of the attractor and in inverse pro-
portion to the spatial separation between these areas. The
spatial separation is usually measured in terms of the area-
to-area travel time. Typically, gravity models are developed
for from th¡ee to six trip purposes. The model calibration
procedure is an iterative process in which, for each trip
purpose, a set of travel time factors is developed. Gen-
erally, an inverse exponential function (i.e., l/ê, where d
is the total travel time between points and z is some power
such as 2.0) is used for the spatial separation. The value
of n varies between different urbanized areas and for
difierent trip purposes.

A second, less widely used, travel model is the Interven-
ing Opportunities Model developed by the Chicago Area
Transportation Study (25). This model uses a probability
concept which requires that a trip remain as short as pos-
sible, lengthening only as it fails to find an acceptable
destination. AII trip opportunities or destinations are con-
sidered in sequence by travel time from the zone of origin.
The first opportunity considered is the one closest to the
origin, and it has the basic probability of acceptance
characteristic of all opportunities in the study area. The
next opportunity has the same basic probability of accep-
tance; however, the probability of reaching the next
opportunity is decreased because the trip being distributed
had a chance of already having accepted the frst oppor-
tunity. The procedure continues with each successive
opportunity having a decreased probability of actually
being reached.

where

,,,:ro#*#h (1)

j=t

F¿¡ : l(tij)
and

T¿¡ : trips produced in analysis area ü, and attracted at
analysis area i;

& : total trip Production at i;
A¡ :totaltrip attraction ati;
F¿¡ : friction factor for trip interchange ii;
Ki¡ - socioeconomic adjustment factor for interchange

4 if necessary;
tij - l¡avs1 time (or impedance) for interchange ij;
i :origin analysis area number, i:I,2,3 . n)
j : destination analysis area number, i :1,2,3 . , . n;
r¡ : number of analysis areas.

For the manual application, K¿¡ has been discarded

altogether. The Gravity Model formulation then simpliûes

to the following form for manual application:
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called the "production index" (a constant for each produc-
tion analysis areai)

A¡F¿i: the "attraction factor" for analysis area j
and;

Z" A¡Fo¡: the "accessibility index" for analysis area ü.
j=t

'Mathematically, the Gravity Model is formulated so that
a production balance is maintained; in other words, the
production (row) totals for each analysis area as calculated
from the model equal the input productions. However, the
attraction (column) totals for each analysis area output
from the model will not necessarily match the desired
input values. To attain an acceptable attraction balance, an
iterative process is employed to adjust the calculated trip
interchanges.

After each application (iteration) of the Gravity Model,
the adjusted attraction totals (for each analysis area) to be
used for the next iteration are calculated according to the
following formula:

a¡n : l.ø-t 4:= (3)-- j 
Crø_t

where

A¡o : adjusted attraction factor for attraction analysis
area (column) j, iteration 4; for manual appli-
cation only a maximum of one additional itera-
tion is suggested;

A,o-t - A¡when q: 1

Ctø-r: attraction (column) total for
resulting from the application
Model during iteration 4 - 1;

analysis atea j,
of the Gravity

At : original and desired attraction total for attrac-
tion analysis area (column) l; this is the value
developed from the trip generation step;

i - attraction analysis area, i:1,2 . ni
n : number of analysis areas;
q -iteration number, q: l, 2 . . . m,

For the manual trip-distribution procedure, two irpra-
tions are considered sufficient. For many uses, only the
original application (the first iteration) with no adjustment
could be considered adequate. The option of whether or
not to iterate twice depends on the percent difference
between the attraction totals at the end of each iteration
and that originally input for each analysis area. Generally,
a 5- to l0-percent difference is acceptable, depending on
the degree of accuracy required.

MANUAL TRIP.DISTRIBUTION PROCEDURE

The objective of the procedure described herein is to
provide the user with a trip-distribution technique that can
be performed manually. The manual operation uses noth-
ing more sophisticated than an ordinary desk calculator
with an accumulating memory.

The manual procedure provided employs the widely used
Gravity Model formulation discussed previously. What
makes the approach difierent, however, is the streamlining
of the various steps leading to estimation of the trip inter-
changes. The procedure described includes the following
material:

o Short-cut calculation of area-to-area impedances.
o Distribution factors (friction factors) for urbanized

areas for four population groups, and within such groups,
for three trip purposes; namely, HBW, HBNW, and NHB.
The urbanized area population groups for which distribu-
tion factors are provided are, as aforementioned:

50,000 to 100,000 population
100,000 to 250,000 population
250,000 to 750,000 population
750,000 to 2,000,000 population

o Simplified work sheets for entering required informa-
tion and calculating trþ interchanges.

Use of the manual trip-distribution procedure is illus-
trated with a S-district example. It has also been manually
applied for 1970 HBW trips at the 34-district level for
Atlanta, Georgia, and its results compared to those output
by a Gravity Model applied by computer at a detailed zonal
level (525 zones aggregated to 34 districts). The home-
inte¡view survey from which the zonal computer model
was calibrated was used as a benchmark for comparison.

lnput Requirements

The following input information is necessary before pro-
ceeding with the distribution process.

1. A map of the study region showing the layout of the
analysis areas and their centroids; boundary limits of the
CBD, central city, and suburban subregions; and a highway
map differentiating freeways and arterials. It is recom-
mended that the size of the map be no larger than
1 in. : 2-mi scale and no smaller than I in. : 4-mi scale.
A typical study area map for the Atlanta metropolitan
region is shown in Figure 6.

2. Production and attraction trip ends by analysis area
(for each particular trip purpose). These figures are output
from the trip-generation stage and can be rounded off to
the nearest 100 trips without appreciable loss in trip-
interchange accuracy for most applications.

3. A travel time/distribution factor matrix. This matrix,
incidentally, is triangular; that is, it is assumed that the
travel time from district i to district i is the same from
i to i. The matrix is produced by the procedure described
as follows. The construction of such a matrix, which could
be a time-consuming and cumbersome task, has been
simplified through the use of the centroid-to-centroid
airline distance; this airline distance is then converted to
travel time and distribution factor using a series of graphs,

which operate as follows: Knowing the airline distance in
miles between the production and attraction district cen-

troids and approximating the over-the-road freeway-arterial
percentage mix for that particular interchange, the total
travel time (in-vehicle time plus total origin-destination

(2)

I
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terminal times) and the corresponding distribution factor
for any one of three purposes can be read off the graphs
(Figs. 7 tbrough 30). The derivation of these graphs is
described latçr in this chapter.

4. Finally, a thorough knowledge of the study area and
its travel behavioral patterns is obviously important and
useful.

Thus, having laid out a reasonably explicit map of the
study area, having derived production and attraction trip
ends from the preceding trip-generation stage, and having
compiled the area-to-area travel time/distribution factor
matrix, the user is ready to distribute trips.

Use of Airlíne Distance vs. Travel Tíme vs. Distibutìon
Factors Graphs

Graphs have been developed to reduce substantially the
steps involved in obtaining the distribution factors (friction
factors) required for the application of the distribution
procedure. Rather than pick a route and calculate elapsed
travel time or distance, the graphical method is based
on measuring a straightJine distance (the airline distance)
between the centroids of the analysis areas in question.

Two sets of graphs, as shown in Figures 7 through 30
(Figures 7 through 12, 50,000 to 100,000 pop.; Figures 13
through 18, 100,000 to 250,000 pop.; Figures 19 through
24,25O,00O to 750,000 pop.; and Figures 25 through 30,
750,000 to 2,000,000 pop.) have been developed for each

urbanized area population group. The fi¡st set is used when
a trip interchange occurs within a subregion; for example,
CBD-to-CBD, or central city-to-central city, or suburb to-
suburb. For such an interchange, the travel time read from
the appropriate graph is the total travél time; that is, it
includes O-D terminal times as well as in-vehicle times.
O-D terminal times include walking and parking/unparking
times at both ends of the trip.

For example, for an urbanized area of 750,000 to
2,000,000 population and a trip interchange within the
central city from analysis area 4 to 12 (Fig. 6), the
applicable graph is shown in Figure 26. Scaling the
airline distance between the centroids of areas 4 and,12, tbe
distance is found to be 7 mi to the nearest mile. Through
past experience of the user, his familiarity with this
particular interchange and the surrounding area, it is
concluded that 2O percent of. over-the-road fiavel is made
on arterials (and therefore 80 percent on freeways). For
such a mix of facilities, the 20-percent curve on the graph
is used to generate the following parameters.

Total travel time between areas 4 and 12:21 min.
Corresponding distributiÒn factor for HBW trþs:0.49
Corresponding distribution factor for HBNW trips: 0.18
Corresponding distribution factor for NHB trips: 0.22

These figures are assumed to hold true for the area 12

to area 4 interchange also.
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The second set of graphs is used when the trip inter-
change occurs dcross subregions; for example, CBD-to-
central city, or CBD-to-suburb, or central city-to-suburb,
and the like. In this case, the travel time read from the
graphs is the in-vehicle time excluding terminal times.
Total travel time is then calculated by adding the appro-
priate total origin and destination terminal times shown
tabulated on the second set of graphs for each urbanized
area population group.

For example, for an urbanized area of 750,000 to
2,000,000 population and a trip interchange across sub-
regions, say central city-to-suburb [i.e., from area 4 to 18
(Fig. 6)1, the applicable graphs are shown in Figures 29
and 30. Scaling the airline distance between the centroids
of areas 4 and 18, the total distance is found to be 11 mi,
with 2 mi being the central city portion and 9 mi the
suburb portion. Through an "experienced estimation,"
it is concluded that 5 percent of over-the-road travel
of the 2-mi central city portion is made on arterials; also,
100 percent of over-the-road travel of the 9-mi suburb
portion is made on arterials. For such facility mixes, the
5-percent curve (interpolated) in Figure 29 and the 100-
percent curve in Figure 30 are used to generate the follow-
ing parameters:

In-vehicle travel time for 2 mi central city portion : 4 min
In-vehicle travel time for 9 mi suburb portion :24 min

Total O-D terminal times for centrál city-suburb
combination : 6 min

Total travel time between area 4 and area 18 : 34 min
Corresponding distribution factor for HBW trips : 0.160
Corresponding distribution factor for HBNW trips : O'029

Corresponding distribution factor for NHB trips :0.041

These figures are assumed to hold true for the 18 to 4
interchangê also.

Situations arise for interchanges where the origin and

destination centroids are located within a subregion and yet

the centroid-to-centroid straight line is straddled across

subregions. Trip interchange from district 6 to 13 or 13

to 6 (Fig.6), for examþle, has its origin and destination
in the central city but crosses the CBD. For this case,

the within set of curves do not apply; the airline distances

and the in-vehicle travel times should be computed sepa-

rately (for the central city and CBD portions) using the

across subregion set of curves with the appropriate freeway-
arterial mix percentages. The central city-to-central city
terminal times are then added to obtain the total times, and

the corresponding distribution factors are then obtained'

As a further illustration, a situation which entails the

use of the across subregion set of curves is an O-D straight
line that crosses the CBD, central city, and suburbs' For
instance, the straight line between area 18 and 20 (Fig. 6)
crosses three subregions, and, therefore, three in-vehicle
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times are accordingly read off (for the suburb, central city,
and CBD portions) and then the suburb-to-suburb terminal
times added.

It must be pointed out that in cases of the across sub-
region travel, the distribution factor cannot be read off the
graphs for each component of travel time and then summed.
The total travel time must be computed first, following
which any one of the appropriate graphs for an urbanized
area population group is reentered, and the distribution
factor (by trip purpose) corresponding to the total travel
time is read off.

Note that if travel occurs entirely within a zone or dis-
trict; that is, an íntra-zonal or aî intra-district trip, the
airline distance is computed by a method described in Ref.
(23). This method involves the measurement of airline
distances from the centroid of the area of intra-travel to the
centroids of zll edizcent zones or distriets. Thesc a-irline
distances are then averaged, and then the intra-area airline
distance is taken as one-half of this average. The appro-
priate graph(s) is then entered to obtain the travel times.

Notice, however, that in the aforementioned situations, it
is the airline distance between the O-D centroids that is

scaled from the map, but that the freeway-arterial facility
mix is determined from the actual over-the-road conditions
irrespective of the magnitude differences between the air-
line and over-the-road distances. The graphs (Figs. 7
through 30) have been designed to accommodate these

variations by using built-in factors. Note also, that in
determining the freeway-arterial facility mixes, the local
and collector portion of the trip is not explicitly considered
simply because this factor is also allowed for in the graphs.

In the preceding discussion, it has been presumed that for
the study area in question, a travel time matrix is not avail-
able. Of course, if such a matrix has already been com-
piled, it should be used, for it will result in considerable
saving in time and effort.

Constructing Aírline Dístance vs. Travel Time vs. Dístíbu-
tion Factors Graphs

Several assumptions were made in the construction of
the "Airline Distance vs. Travel Time vs. Distribution
Factors" graphs shorvn in Figures 7 through 30. These
graphs will be described in detail to provide a full under-
standing of their development as well as to provide the user
the opportunity to construct his own graphs where a more
specific representation is desirable.

A circuity factor of l.22has been used to convert airline
miles to over-the-road distance (26). Circuity factors vary
by the topography and network layout for an urbanized
area, and the 1.22 represents an average. Pittsburgh, for
example, has a higher value based on the hilly terrain.

For terminal times, several urban transportation studies
were reviewed and two sets of average terminal times were
compiled: one for urbanized areas with more than 100,000
population and one for areas with less than 100,000
population. These terminal times are given in Table 4 and

reflect the time spent walking to and from the vehicle and
the time spent parking and unparking the vehicle.

The values in Table 4 represent the time spent at one end
of the trip. For example, for an urbanized area with a

TABLE 4

TRIP END CONDITIONS "

FOR URBANIZEO AREAS }¡ITH POPULATION'IOO,OOO AND ABOVET

FOR URBAI{IZEO AREAS I{ITH, POPULATIOI{ TESS THAII IOO.OOO:

CBD

Central
Ci ty Suburb

Teminal time (mlns.)

Local street dlstance (miìes)

Local street speed (mph)

Local street tirc (nins.)

4

0.0625

l4

0.27

2

0. I 875

20

0.56

I

0.5000

29

l .03

lotal ternina] timeb (terflinal
' local street time) (mins.)

4.27 2.56 2.03

a. Source: Various urban transportation studies.
b. This time represents the totaì teryninal time at elther the orlgln end

or the destination end of a trfp. Therefore, to obtain the total 0-D
teminal time for a trip originating' say, in the CBD.and terminating
in the suburb, this time is 6.34 + 2,?0 = 8,54 mins. (for ôn urbanlzed

. 
area popuìatlon of 100,000 and above),

population of and exceeding 100,000, a trip from the
suburbs to the CBD would have a total O-D terminal time
of 8.5 min (6.34 + 2.2O).

Trips were always assumed to be made using the local
street system and then, if long enough, arterials; likewise,
some trips would be made using freeways for a portion of
the travel. Local street mileage at each end of a trip was
assumed to be equal to %e mi in the CBD, %e mi in the
remainder of the central city, and 1/z mi tn the suburbs,
irrespective of the urbanized area population. This is based
on an assumption that arterial spacing in the CBD is 7/+ mi,
3/q mi in the central city, and 2 mi in the suburbs; and
that the trip length on local streets at each end of a trip is
rA the arterial street spacing. Local street speeds were
assumed equal to the average speeds given in Table 4.

When a trip is shorter than the local street mileage
assumed, only the actual length is considered in construct-
ing the nomographs.

For any trip, therefore, a time occurs at each end of
that trip reflecting local street travel plus terminal time,
and the remainder represents arterial/free'flay travel time.
The arterial/freeway travel time is for the total distance
less the distance on local streets.

To illustrate the preceding discussion, three cases are

described for an urbanized area with 750,000 to 2,000,000
population. Before reading this description, the trip-end
conditions given in Table 4 and the speed values given in
Table 5 should be reviewed.

For the first example, consider a trip made entirely
within the central city where no freeway is available and
the speed on the arterials is assumed to be 22 mph and

the length of trip is measured from a map to be 3.0 airline

CBD

Central
City Suburb

Terninaì tine (mlns.)

Local street distance (miles)

Local street speed (mph)

Local street time (mins.)

6

0.0625

il
0.34

3

0. t875

l5

0.75

ì

0.5000

2i

t.20

Total termlnal timeb (ternlnat
I loc¿'l street tlme) (mlns.)

6.34 3.75 2.20



Arrerial time :-- ,J4 xøo

Local street * total O-D terminal time
(Table 4)

Other arterial
time

Freeway time

: 8.96 min

: 7.50 min

X 60 X 0.40: 3.59 min

X 60 X 0.60: 3.11 min

- 7.50 min

: 6.77 min

: 1.00 min
: 8.97 min

: 2.25 mi
: 0.75 min

: 6.14 min

40

miles. The over-the-road distance is estimated at 3.66 mi
(3X1.22 circuity factor). Because the trip is made
entirely in the central city, reference to Table 4 indicates
that 0.375 mi is traveled on local streets (2 X 0.1875)
and, therefore, 3.29 mi (3.66-0.375) is traveled on
arterials. The total travel time including terminal time is
calculated at 16.46 min as follows:

TABLE 5

SPEED VALUES (MPH) BY FACILITY TYPE BY SUBREGION
BY URBANIZED AREA POPULATION "

SUBREGIOI¡ ÎYPE

CBD Central City Suburb

Urbanlzed Area
Þôn'rlitlôn Arterlal Freeway Arterlal FÊ#ay qrterial Fre#ay

50,000- t00,000

100,000- 250,000

250,000- 750,000

750,000-2,000 ,000

17

ì6

lq

l5

38

36

36

35

25

23

22

22

52

42

4{¡

38

38

32

30

28

55

50

48

46

a. Source; Varlds urban transportatlon studles.

Using the speed values given in Table 5, which represent
averages for several cities from which speed tables were
available, and the trip-end values from Table 4, the gaphs
shown in Figures 7 through 30 of this guide were produced.

Distribution factor curves were developed from data
collected in a number of cities (27). These curyes have
been normalized to a constant scale and summarized to
represent HBW, HBNW, and NHB trips. These distribu-
tion factors have been included in Figures 7 through 30 as

shown.

APPLICATION OF THE MANUAL TRIP-DISTRIBUTION
PROCEDURE TO REGIONWIDE ANALYSIS

Five districts in a hypothetical urbanized area of 800,000
population are to be analyzed for HBW trips. Productions
and attractions for each district are provided from the
trip-generation phase. The method proceeds in the follow-
ing manner:

Step 1: Map of study area. Lay out a map showing the
five districts, district centroids, and subregion boundaries
as shown in Figure 31. It is helpful to use a map showing
major arterials and freeways. A highway road map is

usually suitable for this purpose.
Step 2: Enter production and attract¡on tríp ends-

Pr, A:. These trip-end totals are entered in the trip-
distribution matrix along with other identification features,
such as headings, district numbers, and the like, as shown
in Figure 32.

Step 3: Enter distríct-to-d¡stríct tovel tímes and dís-

tributíon factors-t¡t Fi¡. Although only the distribution
factors are to be used in the computation of trip inter-
changes, it is useful to enter and retain the travel times-
these times will enable the user to better relate and perceive
the spatial separation between the districts, see Figure 33.

Helpful aids and notes of caution:

1. Because the construction of the travel time/distribu-
tion factor matrix entails repetitive steps, it is important
that the user build up and maintain some kind of "mental
rhythm," particularly when a large number of interchanges
is involved. This results in some time savings. Typically,
one efficient approach is exemplified as follows:

Total travel time : 16.46 min

Now, in the second case, assume that all conditions are
the same but that 60 percent of the nonlocal street travel
is on freeways at 38 mph and 40 percent is on other
arterials.

:: i

ffil

3.29
speed: 22

3.28:-
speed: 22

Local street * total O-D terminal time
(Table 4)

Total travel time : 14.20 min

For a third case, consider a trip from the suburbs to the
central city. Assume that 3 mi is traveled in the suburbs
and 2 mi in the central city, and that no travel is by free-
way (mileage is airline distance). The time calculated
would be:

Over-the-road distance in suburbs:3 X 1.22: 3.66mi
Distance in suburbs on local streets (Table 4) : 0.50 mi
Distance on arterials, dillerence : 3.16 mi
Time on local streets (Table 4) : 1.20 min

3.16 x 60'llme on arteilals, 

-

' sPeed:28
Terminal time (Table 4)

Total time suburbs

Over-the-road distance central cify - 2 X 1.22: 2.44 mi
Distance in central city on local streets : 0.19 mi

(Table 4)
Distance on arterials, difference
Time on local streets (Table 4)

2.25 X 60
Time on arterials,

sPeed:22
Terminal Time (Table 4) : 3.00 min

Total time central city : 9.89 min
Total travel time : 18.86 min

The foregoing calculations indicate that for trips en-
entirely wíthín a subregion (i.e., CBD), a table can be
produced and plotted as those included in this chapter
(Figures 7-9, 13-15, l9-Zl, ard 25-27) for various free-
way/arterial combinations. For trips that pass across sub-
regions (i.e., CBD to suburb), tables and graphs expressing
the amount of travel in each type area must be used and the

sums added to represent total time (Figures t0-t2, 16-18,
22--24, and 28-30).
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TEGEND:

4

4/?zz

S\\

DisÈrict Nrmber
and Centroid
cBD LimiÈ
central City
Limit
Suburb Limit

(a)

(b)

Identiflcation of ori-
gin-destination subre-
gions.

Scaling of airline dis-
tance and reading off
travel time from ap-
propriate graphs.

Total O-D terminal
times.

Total travel time.

Distribution factor
(HBÌW) at 20 min.

l- Freeways

Fígure 31. Step l-Map of study area: hypothetical city.

USER RESPONSE

3 to 5, central city-to-suburb.

Figure 29:. 3 mi central city
at 100 percent arterial . . .

in-vehicle travel time: 9.6
min.

Figure 30: 2 mi suburb at
100 percent arterial. . . in-
vehicle travel time:4.Z
min.

Central city to suburb: 6.0
min.

9.6 + 4.2 l- 6.0: 19.8 min.

0.56

2. Although the time matrix is triangular, it is helpful
to enter all the interchange cells with their respective travel
time and distribution factors.

3. Caution should be exercised when making judgments

on the freeway-arterial percentage mix for any interchange,
inasmuch as distance on a map can be visually deceptive,
especially when a small map scale is used.

Step 4: Calculate attractiòn factors, A¡Fii; accessibility
index, \AiFi¡; and production índex, R1-iteration 1.

Except for Ro, the terms AtF¿, and ZA¡F¿¡ are calculated
to the nearest 100 as shown in Figure 34. For example:

o Attraction factor from district t: 3 to district j: 5
is:

A j F¿j:8,000 X 0.56: 4,500

o Accessibility index for dìstrict i: 3 is:

5
-2A¡ Fo¡ : 21,200 + 5,600 + 18,200 + 4,000 + 4,500
j=r

: 53,500

o Production index for district i:3 is:

5

R¿: P¿lÐA¡ F¿¡:27,10O/ 53,500 :0'506542
i=t

Ald so on for all rows and columns.

Helpful aids and notes of caution:

(c)

(d)

(e)

This series of operations can be performed very easily on
the desk calculator. A calculator with paper tape could
prove handy in that travel time for the various portions of
the trip interchange can be saved for later checking should
the need arise.
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As a time-saving measure, the attraction factors, A¡Fi¡,
can be computed by columns instead of rows. For instance,
for column 5, the attraction, A¡:8,000, can be stored as a
constant in the desk calculator; the attraction factors,
A,Fois, from i:1 to 5 can be calculated by entering the
respective Fu, in the calculator and obtaining the product.

Step 5: Calculate trip interchanges,Trr-iteration 1. The
trip interchanges are calculated using ?ur: RuA jF¿¡. The
production and attraction totals at the end of iteration I
are also obtained (Fig. 34). Thus:

o Trip interchange for district i: 3 and district j: J
is:

T¿t : R¿ A¡ F¿¡ : 05O6540 X 4'500 : 2,3OO

o Production total for district i : 3 is:

P¿: lT¿¡: 10,700 + 2,800 + 9,200 + 2,000 + 2,300
j=t

:27,100 (which matches the desired P¿)

o Attraction total for district j: 5 is:

5

A¡: ÐTai:200 * 20O + 2,300 + 700 + 6,800ì'=t : lo,2oo

(Unbalanced: f28 percent difference from desired rl¡)

At this point, because of the structure of the gravity

model formulation which constrains the production values,
the production total for each district will equal the true
production trip ends. The attraction totals, however, will
not necessarily match their input values. To refine the
calculated interchanges, attraction totals are adjusted before
application in iteration 2.

The adjustment is made using the formula described in
the preceding section entitled "Theory of the Gravity
Model." Thus:

o Adjusted attraction total for district j: 5 for use in
iteration 2 is:

A,": A,'(áï): 8,ooo r 
-r*@ 

:6,300

And so on for all columns (Fig. 3a).

Helpful aids and notes of caution:

1. A time savings can be realized by storing R¿ as a
constant in the calculator and then computing T¿¡ by enter-
ing At Frt for l: 1 1s 5.

2. Production balance must exist; if not, an error may
have been introduced in the preceding calculations.

3. It is wise to compute the percent differences between
the attraction total at the end of iteration 1 and the
desired attractions. This will indicate the magnitude of
deviations.
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Figure 33. Step 3-Enter distríct-to-distríct travel tíme and distibution factors.

4. It should be noted that the trip matrix is not tri-
angular, that is, trips from i to i * trips from i to Í; there-
fore, interchanges for all cells must be calculated.

Step 6: Recalculate terms as in Step 4-íteration 2,

This step, as shown in Figure 35, is a repetition of Step 4,
but using the adjusted attraction totals from iteration 1,

thus:

o Attraction factor from district i: 3 to district j: 5

is:

A¡Fu¡- 6,300 X 0.56 : 3'500

o Accessibility index for district i: 3 is:

5

LA¡ F¿¡ : 23,800 + 6,000 + 15,400 + 4,100 + 3,500
j=t : 52'800

o Production index for district i : 3 is:
5

R¿: P¿/ EA¡ F¿¡:27,700/ 52,800: 0'513258
;-1

And so on for all rows and columns.

Step 7: Recalculate terms as in Step S-iteratíon 2. This
step is a repetition of Step 5, but using the new attraction
factors, Ao F¿¡, and the new production index, R¿, computed
in Step 6. The production and attraction totals are also
calculated by rows and columns, respectively (Fig. 35).
Thus:

o Trip interchange from district i: 3 to district i: 5 is:

Ti¡: R¿A¡F¡¡:O.513258 X 3,500: 1,800

o Production total for district i: 3 is:

Po: lT¿¡: t2,20O + 3,100 + 7,9O0 + 2,100 + 1,800
1=L

:27,LOO (matches the desired P¿)

o Attraction total for district l: 5 is:

A¡:ZT4: 100 * 100 + i,800 + 500 + 5,600 : 8,100
i=t

({1 percent difference from desired á¡)

At the end of this iteration, the new attraction totals
should have converged very close to the desired attraction
totals. If this is not the case and it is desired that trip
interchanges be defined further through an additional
iteration (3 ) , the adjusted attraction totals can be computed
as follows:

o Adjusted attraction total for district j: 5 for use in
iteration 3 (ifdesired) is:

A=" : A"" (áï): 6,300 * ¿r*W: 
u,roo

And so on for all columns. Note that at the end of
iteration 2, allttre attraction totals are within -+3 percent of
the desired attraction totals which is sufficientþ accurate in
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nearly all applications. Generally a third iteration is not
recommended

Finally, the average trip time (41-I) of the HBW trips
can be calculated, if desired, quite simply by using:

55
I ET¿¡' t¿¡

ATr:# Ø)
I 2T¿¡
ì,=L j=L

where

T¿i : trip interchanges from area í to atea i;
t¿i : travel time for trip interchange ¿¡;

that is

ATT:
(3,300x 16) + (800x t7) + ...
+ (6,200x25) + (5,600 x18)

100,000
:20.5 min.

At this juncture, it is advisable to conduct a systematic
check of the various calculations to confirm the validity
of the figures. If no errors are detected, the 5 by 5
district trip distribution is then considered complete.

These interchanges represent the HBW trip purpose,
if required; the HBNW and NHB trip interchanges can
also be calculated in a similar fashion. Note, however,
that for HBNW and NHB trips, the district-to-district

travel times remain the same as those calculated initially;
only the distribution factors will be different.

In some cases where a quick and rough trip-distribution
matrix is to be developed, one need only perform the
distribution computations for the HBW trips, and then
factor these to arrive at the total (all purpose) trip dis-
tribution. Thus, the HBNW and NHB trip distributions
could be avoided altogether. These "expansion" factors
are discussed in Chapter Six, "Time-of-Day Characteris-
tics," and such a method has been described in Chapter
Ten, "Scenario for Site Development Impact Analysis:
Boise, Idaho." The manual trip-distribution procedure
described previously is shown in Figure 36.

A Gase Application and Evaluation of Results

In order to investigate the capabilities and effectiveness
of the manual trip-distribution procedure described in the
preceding discussion, an application of the procedure was
made to the 1970 home-based work travel in the Atlanta,
Georgia, metropolitan area. Results from the manual
procedure were compared with Atlanta's application of the
PLANPAC computerized gravity model, using the Atlanta
home-intervie\ry survey trip table as a base.

To provide a background of the Atlanta region, a map
showing the 34 districts, and some of the transportation
facilities are shown in Figure 37. Some relevant transporta-
tion data are presented as follows:

A@€ssibiLìLy iñdex

Figure 34. Step 4-Calculate attraction factors, accessibility index, and productíon índex: Iteratìon 1,
Step S-Calculate tríp interchanges: Iteration 1.

trodcct'@\ ù^dex

Difference from t¡ue

ted. attraction

actlon tot

tals for Iteration
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o Study area: Atlanta metropolitan region.
o Study year: L970.
o Population: 1,173,000.
o Area-CBD: 2 sq mi.
o Area-central city: 180 sq mi (approximate).
o Area-suburbs: 1,800 sq mi (approximate).
o Area-total: 2,000 sq mi (approximate).
o Number of districts: 34.
o Area of smallest district (CBD): 2 sq mi.
o Area of largest district: 260 sq mi.
o Miles of freeway (1972): 209 mi.
o Miles of arterial (1912): 678 mi.
o Miles of locals and collectors (1972): 4,752 mi.
o Total HBW productions (:attractions): 993,968

person-trips.
o Average HBW trip time: 23.05 min.

Criteria used for comparing some of the significant
results of the manual procedure with the computer model
(for 34 by 34 district trip distributions) are given in
Table 6. These two sets of results are also compared
against Atlanta's home-interview trip tables. An additional
criterion used for comparison is the tripJength-frequency
distribution diagram shown in Figure 38 for each of the
three sets of trip interchange results.

It should also be noted that Atlanta's district-level trip
interchanges output by computer were obtained by aggre-
gating zonal interchanges. This fact adds even more

credibility to the validity of the manual procedure results,

the effectiveness of which is self-evident from Table 6 and

Figure 38.

Resource Requ¡rements

As described in the preceding sections, the manual trip-
distribution procedure was applied to a 5-district illustra-
tive example and a 34-district Atlanta case application for
HBW work trips. For both applications, accurate time logs

were compiled; each application includes the time required

for the following major stePs:

1. Preliminaries, organization, and bookkeeping.
2. The seven stePs outlined under "Application of

Manual Trip-Distribution Procedure to Regionwide Anal-
ysis," that is, map layout of study area through two
iterations of the manual procedure.

3. Random checking and tests for reasonableness.

At the completion of both applications, some conclusions

were drawn concerning time and cost requirements. Con-

trary to common belief of the intensive resource require-

ments of a manual application of the gravity model, it is

expected that such an application can be manageable up to

the 8O-zone/district level. Using an ordinary electronic

desk calculator with accumulating memory' the 5 by 5

illustrative example was accomplished in less than 2 person-

hours and the 34 by 34 Atlanta case in less than 26 person-

Í Difference fron true

Nted attraction

AdJusted. attraction
totals for lleration
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INDEX, PRODUCTION II{DTX
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INTERCHANGES
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ENTER DISTR.ICT-TO.
DISTRICT TRAVEL

AND DISTRIBUTIOII

LEGEND:

I Computation Process

U Manual OperationI

-1

Fígure 36. Summary flow chart of the manual trip-distríbution procedure

hours. These hours pertain to efforts of one transportation
analyst.

It is expected that with proper supervision, a technician
can accomplish the work within a similar time frame. At
this point, it is uncertain and would be misleading to project
how these time requirements would be affected if more than
one person were assigned the task: the time requirements
are not necessarily inversely proportional to the number
cif persons working.

In any case, these times are reasonable and acceptable
for quick response, especially when comparable applica-
tions on a computer would probably require more time,
moûey, and expertise for organization, coding, and execu-
tion. However, if testing of several alternatives is con-
templated, the computer might be an asset.

Details of time requirements for the S-district and 34-
district level analyses are given in Table 7. The times
presented correspond to trip distribution for the HBW
trip purpose only. If distribution were to be performed
also for HBNW and NHB trips, Step 2 will obviously not
have to be repeated because the district-to-district travel
times remain the same irrespective of trip purpose; only the
distribution factor for HBW and NHB trþs will have to

be substituted. It is estimated, therefore, that only 15
percent of the time required for Steps L and 2 will be
consumed for each of the subsequent purposes; the time
requirements for Steps 3, 4, and 5 will remain constant
for each trip purpose.

Hence, total time required to distribute HBNW (or
NHB) trips for a 5-district level would be given by:

15 X (30 + 25) + 20 + 15 +15:58 min
100 :1 br (approx.)

Similarly, total time required to distribute HBNW (or
NHB) trips for a 34-district level would be given by:

15 X (70 + 540) + 480 + 380 + 60: 1,012 min
100 : L7 ltr (approx.)

It is evident from the figures given in Table 7 that an
exponential mathematical relationship exists between the
total time required to carry out the distribution and the
number of zones/districts. This relationship is shown in
Figure 39; this graph has been provided to enable the user
to estimate time requirements for application of the manual
trip-distribution procedure
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TABLE 6

COMPARISON OF THE MANUAL PROCEDURE, PLANPAC GRAVITY MODEL, AND HOME-INTERVIEW
SURVEY TRIP RESULTS_1970 HOME.BASED \ryORK PERSON-TRIPS FOR ATLANTA, GEORGIA

a. % DIFF(M) = tun'?*rã.llåfi"ut'* x r00 ; % DrFF(e) = .9ruffi;u{lflYieu x roo.
b. Highest volume person-trips with resoect to home-interview survey tables.c. Numbers in.parentheses represent oroduction .and attraction district numbers resoectively.d. Excludes district l-to-ì intrazonâls due to unavaiìabilitt. - - -
e . 0ther than i ntrazona l s.
f. Two-way screenline crossings
g. Screenlines not computed.

APPLICATIONS OF THE MANUAL TRIP.DISTRIBUTION
PROCEDURE TO CORRIDOR AND SITE ANALYSES

The manual trip-distribution procedure described in the
preceding sections can provide trip interchange information
required for site and corridor analyses. Generally, site
and corridor analyses require more detailed evaluation than
is required for regionwide analysis. Eighty analysis units
are probably more than sufficient, however, for most site,
corridor, or regional analyses.

Corridor Analysis

Two appoac'\es can be used to study a corridor. The first
is based on having already developed a trip table on a

regional basis. The second is to develop a new trip table
based on the specific problem to be solved.

If a trip table is already available for a region, a pro-
portioning process can be easily used to develop trips
between smaller analysis units in the corridor of study.
For the following discussion, reference should be made to
Figure 40. Assume two original analysis units I and 8 as

shown with 1,000 trips moving between them. If analysis
unit 1 was split into two units with one (unit la) producing
4,000 of the original total of 5,000 and the second (unit
lb) producing 1,000 of the total, an estimate of trips
between the new zones can be calculated as follows:

?ra-e : 1'ooo x ffi : 8oo triPs

?r¡-e: l,ooo x ffi :2oo triPs

If both original analysis units are split into smaller units,
then the calculation includes proportioning based on the
split at both ends as:

rtu-a :1,ooo x ffi"## :267 trips

?rn-eu : r,ooo x ##><## : 533 trips

?ra-ac : 1,ooo x rO*@*#OO 
: o trips

To generalize, then, proportioning of trips between large
zones into trips between subdivisions of the original zones

takes the form:
Tan-b¿: To-tX PrX- Az (5)

where
Tøn-bz: Trips produced in subdivision n of atea a and

attracted to subdivision z of area b;
Ta-t: Trips produced in atea a and attracted to

arca b;
P,: Proportion of trip productions in subdivision n

to total productions in arca a.

A¿:Propofüon of trip attractions in subdivision z
to total attractions in area b.

COMPARISON CRiTERIA
MANUAL

PROCEDURE

rLAI\TAL
GRAV ITY

MODEL

HOME-INTERVIEt,l
SURVEY DIFF(M)A DIFF(G)A

I . AVERAGE TRIP TIME (Mi ns. ) ?2.38 22.40 23 .05 -2.9 -2.8

2. INTRAZoNAL TRIPS: b'c

'lst highest intrazonals (.l3-13)
2nd highest intrazonals (20-20)
3rd hìghest intrazonals ( 5-5 )

Total intrazonals regionwide (34)d

1355'l
25883

87 47

195228

1 9466
23607
12197

2ì 9853

23289
21r68
I 33Bl

232302

-41 .8
+22.3
-34.6

- 16.0

-16.4
+l1.5

-B.B

-5.4

3. TRIP INTERCHANGTS: b,c

lst highest interchange (3-2f
2nd highest interchange (3-l)l
3rd highest interchange (2-ì)=

Total interchanges regionwide (34x34

14178
I 9008
14547

993968

13077
14847
11052

993968

117t4
I 5634
'1t 346

993968

+21 .0
+21.6
+28.2

0.0

+.l 1.6
- 5.0
-2.6

0.0

4. SCREENLINES: f

A-A Chattahoochee River
B-B Interstate 20
c-c cBD
D-D DeKalb-Fulton
E-E Gwinnett-DeKalb

t37l t7
268372
'135709

237527
37347

'124803

?61667
I 34735
241562
33282

s g s
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home-intervíew-sutv ey trip results.

10
Triþ Length

( Mi nutes )

To illustrate the organization of data to handle the type

of manipulations presented in the foregoing paragraphs,

reference is made to Figure 41 and the calculated trip
matrix shown in Figure 42. Assume a corridor is to be

studied and a more detailed set of area-to-area trips is
desired in the corridor. The corridor can roughly be

described by analysis areas 1, 2, and 3' Assume area 1 is

to be split into two subdivisions, and areas 2 and 3 are to

be split into four subdivisions, each as shown in Figure 41'

The calculations can best be handled by subdividing the

problem into three types of calculation: (1) trips between

the subdivided areas; (2) trips from the subdivided areas to

the non-subdivided areas; and (3) trips from the non-

subdivided areas. Figure 42 shows the resulting computa-

tions for the original trip matrix produced as shown in
Figure 35.

To illustrate a few calculations the following is offered:

Tta-zb: Tt-rX P¡X P2¡
:800 X 0.50 X 0.30: 120 trips

Tro-s: TL-1X- P7ø

: 100 X 0.50 : 50 trips

T".''": T5-2X Azc
:2,5OO X 0.30 : 750 trips

Another alternative to the foregoing procedure of modi-

fying a trip table is to develop a completely new trip dis-

TABLE 7

TIME REQUIREMENTS FOR MAJOR STEPS OF THE
MANUAL TRIP.DISTRIBUTION PROCEDURE

l'lajor Steps
rlmc acnrl¡m¡ts lnin^ ) 

b

5x5 Illustratlve
FrâmDlê

J4XJ4 AttanEA LAse
ADDI ication

l. Prelinlnaries, grganization
and bookkeepingd

2. Travel tines and distribution
factor mtrixa

3. Access'ibility indices/triP
interchanges-Iteration #l

4. Accessibility indices/triP
interchanges-Iteration #2

5. Systemtic checking and tests
for reasonableness

30

t<

20

t5

l5

70

940

480

380

60

TOTÀI FOR ALL STEPS 105 (1.8 hrs. ì530 (25.5 hrs.

a. These 2 steps næd not be repeated for subsequent trip purposes.

b. Tlme requirements pertain to I experlenced transportation analyst.

tribution employing a revised set of analysis areas' Both

procedures would involve relatively fine analysis areas

*itnio ttt" corridor of interest and relatively gross areas

outside the area of interest, but would otherwise use the

same gravity model trip-distribution procedures already

described. It is important, howeYer, to keep the total

LEGEND:

Hone-Interview SurveYa

PLANPAC Gravity Modela
ManuaI Procedureb

ryrì{qE,
a. Trip lenqth frequency dist=ibution

ploited ior 1 minute time intervals

b. Trip length frequency distribution
comþuted and Plotted for 5 minute
interval-s



NOTE: Tt¡e functions shown here were
mathematically derived based
upon time requirements of
various case applications
of the manual trip distri-
buÈion procedure.

nunber of analysis areas
(zones, districts)
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Figure-39. Tíme required to apply the manual tip-distributíon
procedure vs number of analysis areas.

number of analysis areas within manageable limits, no more
than about 80 units, but more reasonably about 40 to 50
units. Figure 43 shows a possible set of subdivisions for
analysis of the Fulton County transportation corridor in
Atlanta.

Site Analysis

For site analysis (i.e., that of a special generator), it is
often appropriate to accept some modifications to the
normal gravity-model distribution process. However, such
as in the example of a netry employment center, one can
expect to be able to distribute trips in the normal fashion
with the employment center being just another attractor,
where none existed previously. In applying the resrlts of an
already-developed manual trip-distribution matrix, or one
produced by computer, considerable time savings will result

as opposed to developing a new trip matrix for the employ-
ment center. Referring to the sample gravity model cal-
culations shown in Figure 35, assume a major employment
complex is to be built in analysis area 4 with an attraction
value of 10,000 trip ends. The objective is to determine the
trip interchanges associated with the development. For
illustrative purposes, only production area 1 will be con-
sidered. The total accessibility index for production area 1

was 73,900'and the production index, Ru, was 0.079g37
(for iteration 2) as shown in Figure 35. Because the new
center is in area 4, the distribution factor (I4) of 0.64
can be directly used to determine the addition in the
accessibility index, 2A ¡ Fa,, as follows :

A¡ F¿¡ : 10,000 X 0.64 : 6,4A0

The new accessibility index for area 1 would then be
80,300 (i.e., 6,400 + 73,900) and R¿ would equal
0.073474. The number of trips-between area 1 and the
new employment center would be:

r¿¡: R¿A¡Fa¡=üli:;: x lo,ooo x0-64

For this example, the trip productions in area t have
been left unchanged. Several areas should have more trip
productions because of new housing attracted by a major
new employment center. The changes in travel volumes
between area 1 and other areas are shown in Figure 44
where the computations outlined previously are accom-
plished for all attractors.

For the example given, the normal production-attraction
area relationship was maintained. Where a distribution
has not been developed for an entire area and a short-cut
computation is desired for a new generator, the relation-
ships between the production and attraction areas may be
interchanged; that is, the production area becomes the
attractor and the attraction area becomes the producer,
For the example of a new employment center just described,
assume that an area trip table has not been developed.
Now, nrake the employment center the producer and the
other areas the attractor. The problem would be set up as
shown in Figure 45. The same answer will not be obtained
by this method as was obtained previously. In the way
the problem has just been handled, the production areas are
competing for the new employment center trips. In the
usual case, the employment center is competing with other
employment centers for the production area trips. How-
ever, for a quick-response type application, the results
should be useful in most cases.

Geographic Orientation of Trips Around a S¡te/Specíal
Generator

Interchanging productions and attractions (i.e., by defin-
ing productions as attractions, and vice versa) provides the
means for assessing the geographic orientation of travel
from a site/special generator. For instance, assume a new
shopping center is proposed and the impact on the sur-
rounding street system is to be assessed. One of the initial
tasks is to determine the orientation of trips using the
center. If a trip table has already been developed for an
area, then the method shown in Figure 44 is suggested to

!:l

.:il
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-2= 2bttþ

Fígure 40. Proportioning of tríps between large zones ínto tríps between subdivísions of the
zones.

that the time exponent for the gravity model is 3.00 for
shopping trips and the form of the equation to be used is:

develop the trip matrix for the center because competition
from other shopping areas will enter the computation. If,
however, a trip matrix has not yet been developed, then
interchanging productions and attractions would be suitable.

Assume that only trips to the east are of concern inas-
much as there is excess highway capacity available in all
other directions (see Fig. 46). Assume the shopping
center has a ground floor area of 1,000,000 sq ft and
generates 33.5 vehicle trip ends per 1,000 sq ft (see Table
1, Chapter Two) resulting in 33,500 vehicle trip ends per
day. Assume these are basically shopping trips; the 33,500
becomes the production value. For this example, assume
the attraction value, A, is the shopping trips to all destina-
tions expected to be made by residents living in the ring
segments shown in Figure 46.

It should be noted that the information in Tables 1, 2,

and 3 in Chapter Two does not provide shopping trip
attractions. An estimate of HBNW trips can be developed

and should suffice inasmuch as the process will normalize
the trips to the 33,500 trips associated with the shopping

center.
The vehicle trips to each ring can be calculated using the

manual trip-distribution procedure with the shopping center

as the trip producer. For the sake of simplicity, assume

7,,:

where, as before

T¿¡: triPs;
Po: productions;
Ai: atttactions)
/: time;
z: 3.00.

A table of exponents by urbanized area population and

trip purpose is provided in Table 8 for use in this form of
the gravity model equation (27). The trips to the first
ring of the eastern sector would then be given by:

P, A,L, 'tn

T

-_ 33,500 x2,OOO X43
1tA, ^Jtn

The value, i+ , is the production index, R¿, described

>4,-
"fl

previously.

(6)

'A,L'tn

.+
i ì^tro,-a¡eo" tî¡?s
\ nou c¿nsidø¿d
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Fígure 41 . Map ol hypothetical city lor cotidor analysis.

Using an accumulating desk calculator, the 2A¡ ) termttn
(i.e., the accessibility index) can be easily calculated in a

short time. For the eastern sector, this index would equai:

2,000r8,000 | 10,000 | 20,900 *39,990 :91.684sT6sT9s'15t'ZO"
For the southern sector the accessibility index is 95.86;

it is 20.08 for the western sector, and 48.46 for the north-
ern sector.

Vehicle trþs can be expected to "spray out" in relation

to the accessibility indices calculated previously as follows:

T east corridor: 33,500 X 91.68

91.68 + 95.86 + 20.08 + 48.46

: 11,993 trips (6b)

Trips to the south would equal 12,540; to the weSt,

2,627; and to the north, 6,340. (Note that the sum of trips
in all directions is 33,500.)
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Looking at the eastern sector, vehicle trips can be studied

in detail by subdividing the ring segments into zones âs

shown in the bottom half of Figure 46. Trips to the three

subdivisions of the first ring would then be calculated as

follows:

Trips to 1 :
33,soo x +P : 2.045 trips

(91.68+95.86+20.08
+ 48.46)

Trips to 2: 33,500 X #
--Z16.08 : 1,022 triPs

rriPsto3: "'10=o'1Ë -1'25,,,B : 1,022 trips

These detailed vehicle trþ values can be used to analyze
movement around the center to determine the impacts on
the road system. As mentioned previously, this procedure
does not consider the competition of other shopping
centers included in the results when the trip productions
and attractions are not interchanged. However, the ap-

proach just described will be useful for some applications
and should not be overlooked.

TRIPS BETWEEN SUBDIVIS'TONS TRIPS BETVìIEEN
SUBDTVISIONS
AIiID AREAS

TRTPS BETÍÍEEN AREAS
À]\ID SUBDIVTSIONS

Figure 42. lllustration of data organization Íor trip proportioning between analysís
areas and subdívísíons of analysis areas.

Where a limited number of shopping centers exist, the
problem does not become overly burdensome if calcula-

tions are accomplished in the normal production-to-
attraction manner. For example, if there is a CBD, two
shopping centers, and perhaps two to three other shopping

areas worth considering when evaluating a proposed

shopping center, the planner may wish to set up a trip
matrix with the number of analysis areas of production
equal to, for example, 30 and the number of attraction
areas equal to 6 (proposed center, CBD, two existing

centers, and two other shopping areas)'

TRIP DISTRIBUTION USING AVAILABLE ACGESSIBILITY

INDICES

Once a gravity model has been applied for some gross

set of analysis areas, the results of the model can be used

for analyses at a more detailed level to calculate trip
interchanges for very specific land uses, for example' A
key parameter in the application of the gravity model is the

accessibility index of each production area. Recall that

this index is the sum total of the products of the attraction
trip ends for, and the distribution factors to, all the attrac-

tion areas. Mathematically, the accessibility index, X¿,

for area i is given as follows:

\RB, I 2 3

É
á

N
!>
ÅE

a b a b c d a b c d

.50 .50 0 .3C .3C .4C .4( .3C .1( .2(

L l¿ A¿tt td o ,1" ø10 ?¿e 4p ?oê ,o¿ ,oo

5 7Ø 'raø o 7& 7lê Íæ Jat ,tß¿ êu lz(¿



¡t
¡
¡t

i

.:..1

54

LEGEND:

4-27 District Number and Centroid
oz8-o59 Subdivided Analysis Areas

Subdivision Boundaries
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Fígure 43. Atlanta metopolitan area, showíng the Fulton County transportation corridor with district subdîvísíons.
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To illustrate the application of an accessibility index
already derived for a large arca (e.g., district) and now to
be used for analysis of subdivisions (e.g., zones), consider
the following example. For the 5 by 5 district trip-distribu-
tion matrix shown in Figure 35, the various trip parameters
for production district I are shown diagramatically in
Figte 47. Suppose that travel to subdivisions (three
zones) of attraction district.2 is to be calculated, as shown
in the upper portion of Figure 48. By assuming that the
travel time from district I to each of the three zones of
district 2 remains the same at 17 min, and that the accessi-
bility index of district 1 is still 70,300, travel to the three

zones can then be calculated as shown in the upper portion
of Figure 48.

The preceding example can be extended even further. If
travel from subdivisions (two zones) of production district
1 is to be computed, a similar method can be used. Thus,
the accessibility index of district 1 remains at 70,300, and
travel to the three zones of district 2 canbe calculated as
shown in the lower portion of Figure 48. (The user must
be cautioned, however, that in addition to inter-areatravel,
intra-area travel must be considered. Total travel estimates
can be obtained only when these two types of interchanges
are accounted for. Note that in the examples illustrated
in Figure 48, intra-district travel has not been calculated,
but that "intras" are indicated using dashed arrows to draw
attention. )
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Figure 44. Example ol calculatíng ftips to a new analysis area by use of available tríp-dislribution malrix.
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Fígure 45. Example of ínterchangíng productíon and attractíons'

In actuality, tbe zone-to-zone travel times are not the

same as those for the district-to-district interchanges

because interzonal distances may be greater than or less

than the interdistrict distances, depending, of coutse, on the

spatial separation of the respective centroids. But over-all,

any resultant positive or negative di-fferences in trip inter-

changes will offset each other, thus providing a reasonable

estimate of travel. For quick-response estimation, the

technique described in the foregoing paragraphs is accept-

able. Later in this section, a method is described which

enables the user to develop the zonal accessibilities from
the district accessibility to account for the geographical

spread of zones within a district.
An interesting and useful application of the accessibility

indices is the contour plot which provides a simple and

convenient means for computing trip interchanges. More-

over, the contours enable the user to obtain an instant
picture of regional accessibility. This concept is described

herein using accessibility indices calculated in the 34-district

Atlanta area case application for 1970 home-based work

TABLE 8

GRA,VITY MODEL IMPEDANCE EXPONENTS BY TRIP
PURPOSE AND URBANIZED AREA POPULATION "

uRBÀNrzED en¡¡ popur¡rlot¡ (000)b

TRIP PURPOSE 50 -250 2s0-?50 750 + Average

fl Bs sÌrop

*"*"-l - HB soc,-Rec.
I

L: HB otàer

1.99

2.94

2.28

2.9 4

2.68

2.08

3.12

2.62

2.94

2.65

1.9 4

3. 43

2.40

3.26

2.9L

2..00

3,38

2.+3

3.05

2.7 5

a. the gravi.ty rcdel impedilce exPonents were derived fron the
friction factor crves æntained in Reference (27) .

b. Reference (27) does not plovide fricÈion factor cEves for the
4 urbanized area popufation gloups used in this chapter (and
throughout tåis Users Guide).

c. Reference (27) does not provide friction factor cEves fo¡ the
HBNW trip pulþse (as used in this chapter antl t¡roughout this
Users GuÍde) , but rather for the HB Shop, HB Social-Recreational
and HB Other trip purtrDses.
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Fígure 46. Computation of the geographic oríentation of trips around a síte/special generator.
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trips. (See previous section entitled "A Case Application

and Evaluation of Results'")
The 34-district indices were plotted at the centroids for

each of the districts and then contours were drawn for the

metropolitan region as shown in Figure 49. (In order to

studyihe concept further, 525 zonal indices, corresponding

to the 525 Atlanta Area Transportation Study zones, were

also plotted for both home-based work and home-based

shop trips. Similarly, accessibility indices were plotted for
these two trip purposes for the Washington' D.C', Metro-
politan Region and the Nashua, New Hampshire, area'

the zonal contour plots are not included here because they

were drawn on a large scale.)
It is is quite clear from the district plot shown in Figure

57

49 that a distinctive pattern of concentric contours forms
around the CBD. The zonal home-based work contours

aré particularly indicative: not only do the contours

e:nanate from the CBD, but also zones with the highest

accessibilities are located at the periphery of the CBD, and

those with the lowest accessibilities are located at the

outlying fringes of the region. Inside the CBD, however,

the accessibility index drops slightly from that of the high-
est value (atthough this is not easily discernible from Fig.
49 ) . One other characteristic of the contours that is readily
apparent in the zonal ptots (but less so in the district
plots) is that the contours are distorted in the vicinity of
major thoroughfares, especially freeways; that is, an out-
ward elongation of the contours exists along the freeways.

district 3 t--21
F= ô.So

district

drstfr0t 2

l,=21
F. o'4

L=17
F= Ùþ

l=16
F= o'S

t=€
F= o'61

distr,ic¿ s

AccessibiLity in@

.1M. =

{on distn¿ 1 '- zAF = 44oo(o.æ)+ 11600(080) + zosoo(o6ò +''
.. + l?6æ(0ú4)+ eooo(o.za)

X1= 70 2sþ

= 59øx llØOOxO'8 = 119 tc;ps
-?o?oD

Figure 47. Diagrammatic representatíon of trips Írom District I, as computed ín trip-distributíon

matrix (Fig. 35).
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This result is in agreement with the reality that high-speed
facilities increase accessibilities.

All these patterns were consistently noticeable for home-
based work trips for all three cities (i.e., Atlanta, Wash-
ington, D.C., and Nashua). (Home-based shop contour
plots formed irregular pattêrns and were deemed inconclu-
sive for manual trip distribution.) An idea of the variations
in accessibility indices can be obtained from Figure 50,
which shows a typical cross-section of the contours (cor-
responding to cross-section SS in Fig. 49).

Earlier in the discussion, it was noted that interdistrict
and interzonal travel times (and therefore the consequent
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accessibility indices) may vary in magnitude for similar trip
interchanges. It was also pointed out that these differences
might affect trip interchanges. The contour plots shown in
Figure 49 enable the user to refine the district accessibilities
through interpolation. (The accuracy of the interpolated
values can be enhanced if a large map scale is used for the
contour plots, say, 1 in. to 3 mi.) Evidence of the small
difrerences between zonal accessibilities interpolated from
the district accessibility contours and the same obtained
from the calibrated gravity model are given in Table 9.
(Note again that Atlanta's 34-district level accessibility
indices were derived using the manual procedure, whereas
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Figute 48. Use of accessibility index to calculate trip interchanges between district subdivisions (zones).
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the 525 zone indices were output by the computer applica-
tion of the gravity model-PLANPAC). Thus, the user
can pick off the accessibility index, X¿, of any zone, i, using
the district accessibility index contour plot (Fig. a9).
Using this index, trips, T¿¡, between that zone and any
other zone, j, can be computed from:

Consider the following cases: in case 1, HBW trip inter-
changes are to be calculated between district 33 (suburb)
and district 2 (central city). Variables for this trip inter-
change are as follows:

P¿: P"" : 14,580 HBV/ production trþ ends (given);
Aj: A, :129,634 HBW attraction trip ends (given);
t¿j:T""-": 39 min (airline distance:18 mi; 12 mi

suburb at 10 percent arterial . . . in-vehicle
travel time:20 min (Fig. 30); 6 mi central
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city at 20 percent arterial in-vehicle
travel time:13 min (Fig' 29); terminal
times suburb to central city - 6 min; total
travel time :2O * 13 + 6 - 39 min);

F¿j: Frr-": 12 lfrom Atlanta's calibrated gravity model
(GM) *l;

X¿: X"" :0.30 X 108 (from contour plot, Fig. 49);

14,580 X129,634X.t2 :756 person-trip
interchanges.

4 
-tf :: 
- 

t D' n 
- 0.03 x 108

This district trip interchange agrees fairly well with that

obtained from the manual procedure'
Now consider case 2, in which HBW trip interchanges

are to be calculated between zones 372 (within district 33)

and 32O (within district 2). Variables for this trip inter-

change are as follows:

P¿: P"rz : 4,361 HBW production trip ends (given);
A;: A"ro :6,711 HBW attraction trip ends (given);
too: t"r)-rro : 43 min (airline distance --22.5 mi; 15 mi

suburb at 10 Percent arterial in-
vehicle travel time:25 min (Fig.30);
7.5 mi central city at 15 percent arterial
. . . in-vehicle travel time: 16 min (Fig.

29) terminal times suburb to central
citY: 6 min; total travel time :25 * t6
+ 6:47 min);

F¿¡: Fv2-326:5 (from Atlanta's calibrated GM);
X¿: Xszz : O.25 X 108 (Interpolated from contour

plot, Fig. 49);
4 _î _4,361 x6,711 x5 z_^-^-r ¡j : r 

",,-""0 
: -¡ffi : 

:fJ"i;l".ip 
inter-

This zonal trip interchange is within 25 petcent of that
output by the computer application of the gravity model
(PLANPAC).

Several other interchanges were similarly tested with
reasonably good results. It can be seen, therefore, that the

accessibility index which has to be calculated anyway as

part of the manual trip-distribution procedure, can be ap-

plied (after the final iteration) as a practical and con-

venient tool to compute trip interchanges between either
districts or zones.

TRIP.DISTRIBUTION PATTERNS FOR SELECTED SITES

Some previous work, (2, 3) which may prove useful for
quick-response applications, has resulted in trip-distribution
curves for some land-use types. These curves are provided

herein for the following sites/special generators: airports;

shopping centers; hospitals; universities; office buildings;

and state capitol buildings, and are shown in Figures 51

through 56, resPectivelY.

6l

TABLE 9

COMPARISON OF SELECTED DISTRICT-LEVEL
AND ZONAL-LEVEL ACCESSIBILITY INDICES
FOR 1970 ATLANTA AREA HOME-BASED WORK
TRIPS

a. Interpolated from contours ln Figure 49'-
b. outpui frm caìibrated gr¿vitv modeì (uslng PLAilPAC)'

c. Zones.most representative of district centers.

To use these curves, the population by analysis area is

required as well as the travel time from each analysis area

to the generator. For example, looking at the airport curves

in Figure 51, it can be seen that for an analysis area 10

min from an airport, about 4.7 auto driver trips per 1,000

population would be expected. Thus, for an analysis area

with 150,000 population, about 70 auto driver-trips per

day to the airport would be expected. As a control on the

curves presented, trips from all analysis areas to a site

should be calculated. The total of these should be com-

pared against a control total based on the trip-generation
characteristics of the site and the trips from each analysis

area proportioned so that the totals match'

LIMITATIONS OF METHODS

Trip distribution appears to be a simple process in that

it involves the proper connection of trip ends from the

production area to the attraction area. The process

be"o*"r more complicated because calculated trip ends

usually do not match the original trip ends derived from
the trip-generation phase. This problem is commonly re-

ferredio as "trip-end imbalance"; corrective action involves

iterative adjustments to the trip interchanges to achieve an

acceptable state of balance. Obviously, given a large

.t r-b"t of analysis areas (e.g., zones), several modes and

-Th" r--"lized friction factor developed was not used

simply because tåe Atlanta calibrated set was available' Mathe-

matìáty, the use of either normalized friction factors or actual,

calíbraid friction factors should yield approximately the same

results when applied in the gravity model. This is,because (1)
the normalized iet is merely a proportioned set of the calibrated

fiiction factors and (2) the friction factors appear in both the

numerator and denominator of the gravity model formulation'

DISIRIC'T
SAI'IPLE ZONES

I,IITHIII DISTRICT

ACCESSIEILITY IilDEX x t05

¡not't coHtounsa FROI'I GRAVITY I,IODEI
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Fígure 51. Trip to airports per 1,000 population (2).
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Figure 53. Tríps to hospitals per 1,000 population (3).

*Trips relate to regional
shoppinq centers.
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Figure 52. Composite auto dríver shopping trip rates (2).

Total Person Trrps 
-Auto Driver Trips

\

\
\

\
\

I3579111315I719+
TRAVEL TIME (MINUTES)

Figure 54, Trips to uníversítíes per 1,000 population (3).
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Fígure 55. Auto driver tríps to office buíldíngs per 1,000 popu'
lation (3).

several trip purposes, manual trip distribution becomes a

lengthy, time-consuming task. However, simplification of
the process renders it manageable for manual application.
Such simplifications can be justified if the over-all objective

of application is quick response and results that are of the

correct order of magnitude,
The methods described in the foregoing paragraphs can

be applied at the regionwide scale, corridor scale, or
subarea level. To be apptied manually, the number of
analysis units must be kept at a manageable level. As has

been described, the manual application should probably be

limited to a maximum of about 80 analysis areas. For
areawide planning, rather detailed analysis can be accom-

plished for areas up to about 150,000 population where a

zonal basis would be used. For larger areas, "sketch"
planning can be accomplished at a district level. Corridors
can be studied in detail with the utilization of considerably

less than 80 analysis units. Likewise, for subarea analysis

many problems can be handled with considerably less than

80 analysis units.

USE OF REGIONAL MODELS

The manual procedures provided for trip distribution
basically consist of simplifled application of the gravity

o I 2 3 4 s t J**"trr#,rri,8i"r,
Fígure 56. Aùto driver lrips to capitols per 1,000 population
(3 ).

model. Where regional gravity models have been locally
calibrated, such models provide much basic information
that can assist in speeding up certain analysis. For example,

accessibility indices available from a regional model will
provide input to the procedures described for corridor and

site analyses which should provide quicker and less exPen-

sive results than a computer application. Likewise, the

accessibilities are useful for determining the orientation of
trips around a site.

A particularly appropriate use of a locally calibrated
gravity model is the distribution factors, For, output from
the model. These can be used to more speciflcally orient
the manual method to the local area.
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CHAPTER FOUR

MODE.CHOICE ANALYSIS

INTRODUCTION

The objectives of this chapter are to provide sufficient

procedural materials to allow the transportation planner to

determine the magnitude of travel by mode caused by vary-

ing the transit and auto system operating characteristics.

It should be emphasized that the mode-choice (split)
procedure deals with transit systems only at the demand-

determination level and is not applicable for evaluating

the extent or impact of transit capital and operating require-

ments. For the latter types of analyses, the user is directed

to other current manual procedures such as, "Transit

Corridor Analysis-A Manual Sketch Planning Technique"
(28). However, the results obtained through application

of the manual techniques contained in this user's guide
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can be directly applied as input to the methods described
in Ref. (28). It should also be noted that the mode-choice
procedure described herein considers fixed-route types of
systems only and does not evaluate mode split for flex-route
or demand-responsive types of systems. The mode-choice
procedure is appropriate for use at the subarea and corridor
levels, as well as for regionwide evaluations.

The major input to the mode-choice procedure is person-
trip interchanges between analysis areas (e.g., zones or
districts). These data may have been developed through
application of the techniques described in Chapter Three,
"Trip Distribution," or may have been secured from
information available from other sources or developed by
the transportation planning agency. If the latter is the
case, a considerable amount of time can be saved by using
the existing information. Other input requirements deal
with characteristics of the auto and transit fares.

The level of detail at which the mode-choice procedure
is applied is a function of time availability. One should not
hesitate to apply the procedure to large analysis areas (e.g.,
districts) if time constraints are stringent.

There are two major outputs of the mode-choice analysis:

o Interchanges of transit person-trips,
r Interchanges of auto person-trips.

The transit person-trips will probably be summarized by
the user to show transit travel by either large analysis areas

or corridors and may be input to other transit system

analyses such as those contained in Ref. (28).
The auto person-trips will most likely be subjected to an

auto occupancy analysis (see Chapter Five) to convert the
person-trips into auto-driver trips as preparation for
further analysis of the highway system.

BASIS FOR DEVELOPMENT

The procedure presented here for the conduct of a mode-
choice analysis has been developed from the "default
model" contained in the program UMODEL of the U.S.
Department of Transportation, Urban Transportation Plan-
ning System (UTPS) (29). The application techniques,
however, have drawn upon the procedures used in Ref'
(28).

Theory of the Mode-Choice Model

The mode-choice model contained in the UTPS program
UMODEL simultaneously performs the trip-distribution
and mode split functions. The mathematical form of the
model is:

1,. ¿-01t1*î _D - !riitn-'u ,r,¿."+r"*

where 
j ttt

Tdj,,: trips from i to i by mode m;
Pd - productions at i (home end);
Aj : attractions at j (destination end);
e :2.71828;
0 - a calibrated constant that varies by trip purpose;
I¡,h,, : a measure of impedance by mode m eqtàl to:

(1.0 X in-vehicle time) * (2.5 X excess time)
* (trip cost)/(0.33 X income perm in).

It can be observed from the preceding formula that the
model is similar to the gravity model equation. (See

Chapter Three, section entitled, "Theory of Gravity
Model.") Its variance with the gravity model form is
twofold:

o The model sums attractions for all (auto and transit)
modes.

o The model uses impedance instead of simple travel
time between an l¡ pair.

Current research of the Urban Mass Transportation
Administration's (UMTA) Office of Planning Methodology
and Technical Support has shown it is possible to state
the impedance variable in the same form as time is dis-
played in the gravity model equation. That is, e-9r can be
replaced with 1-¿ where I is equal to a measure of trip
impedance and å is an exponent of the trip impedance,
dependent on the trþ purpose. Thus, substituting the
expression for time, Eq. 9 becomes:

T _D. Aixl-b¿j*r¿ìm-'i E TAF;
jn

1..+-bmst:t=ft,.-X-IOO
-4Jt | 'atø

^r,:-i$, o xroo
,iit I tiia

( i0)

,.-*|

.--l
W

The form of the foregoing equation is still such that dis-
tribution and mode split are accomplished simultaneously.
Because trip distribution, using the procedures described in
Chapter Three, is accomplished separately, it is necessary to
transform Eq. 10 in a rate relationship that will assess only
the market share (i.e., mode split) ratio between auto and
transit trips. The transformation has been accomplished by
dividing transit trips by auto trips and converting the ratio
into an actual fractional market share quantity as follows:

T¿¡tr: 
\jo

where

r : ratio of transit trips to auto trips;

therefore

(11)

(12)

where

ms¡: f¡l"¡ional market share of trips estimated to use
the transit mode.

Substitution of Eq. 10 into the right-hand side of F,q. 12
yields the relationship of market share for transit to be:

rms+: 

-

' l*r

(e)
(13)

( 14)

In other words, the fractional market share for the
transit mode is equal to the quotient of the auto impedance
raised to a power, å, and the sum of the transit impedance
and auto impedance each raised to a power, å.

As was previously discussed, Eq. i0 without the summa-
tion across modes has a form identical to that of the gravity
model. It was believed that the exponent å would behave



in a manner similar to the gravity model and that assump-

tion has been further fortified through current research of
the UMTA Office of Planning Methodology and Technical

Support. It has been found that the exPonent for the HBW
trif purpose is near a value of 2 when calibrating with
Washington, D.C., and Minneapolis-St. Paul, Minnesota,

data. Consequently, the "Transit Corridor Analysis Man-

ual" (28) uses an exponent value of 2 for application of
the simultaneous model. A review of Table 8 in Chapter

Three indicates that the å value for the HBW trip Purpose
is approximately 2, varying slightly with the population of
the urbanized area in question.

The theory embodied in the mode-choice model (Eq'

14) was then extended to assume that the exponents for
HBNW and NHB trip purposes would behave in the same

manner as the exponents shown for the corresponding dis-
+-:r.!,ri^- aarr¡rinnc. that is. å : 3-0 for HBNW trips and!r¡uur¡v¡¡ vTs4.¡v1¡rt

b :2.7 for NHB trips. The assumption was tested using

travel and impedance data from Washington, D.C', and

Atlanta, Georgia.
The Washington, D.C., analysis was cursory in that the

exponent was only tested for the HBW trip purpose for
knãwn impedances from 20 district pairs. The district
pairs included radial and nonradial directions' Results have

rho*tt the estimation to agree with calculated values within
+ 3 Percent.

The Atlanta data were investigated in more depth' The

algorithm in Eq. 14 was applied to impedance calculations,

as specified by the variable 1 in Eq. 9, using time and

distance quantities derived from coded highway and transit

networks. The exercise was a test of only the primary

algorithm-not the application procedures to be described'
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Analysis of data from the Atlanta region for the HBW
trip purpose is summarized in Table 10. The exPonent
value used (2.4) was determined by analyzing the friction
factor curve for the Atlanta HBW gravity model' Similar
comparisons were made for the HBW and NHB trip pur-
poses. Results of the two latter trip purposes were equal

to or exceeded the accuracy of the HBW trip purpose

application.
It can be seen from Table 10 that not only is the

estimate of total transit demand for the HBW purpose quite

accurate, but also the demand generated in each district
compares quite favorably to data collected in an on-board,

origin-destination survey in 1970. Although the percentage

differences for the comparison of generated and observed

productions and attractions varies greatly and, in many

cases, the difference is sizeable, the absolute difterences

are within tolerable li¡oits. The user ml-rst a-lso take into

consideration that the model was not exposed to local

calibration except for an analysis of the slope of the frictioñ

factor curve of the HBW gravity model necessary to

determine the appropriate Atlanta specific å values by trip
purpose.

DATA REQU¡RED FOR APPLICATION

The data required for mode-choice analysis vary depend-

ing on previous work undertaken for the study area. It is

recommended, where possible, that the user make every

effort to take advantage of models and values that are

specific to the study area. For those areas with a minimal

history of transportation planning, default values have

TABLE 10

COMPARISON OF HBW TRANSIT TRIP ENDS BY DISTRICT-O-D AND SYNTHESIZED-FOR THE

ATLANTA METROPOLITAN REGION

a. The Atlanta !,letroirolitan Rcgion cou'.ains 34 districts; Jistrici's not lis'se.l are i¡ot served by the
transit system.

b. Source: Reference (3¿).
c. Synthesized using the manual mode choice procedure, Eq'.1'4.

d. % Differen.g = f(Synthesized - 0-D)/0-D] x 100.

District #a

0ri gi n- Des ti natì onb Synthesi zedc % Differenced

Attracti ons Producti ons Attracti ons Productions Attracti ons Producti ons

I
2
3
4
5
6
7
8
9

1ì
12
l3
14
t5
t6
17
'lB

23
24

42206
't4852

8764
5122
4554
't 281

40
5024
I 109
I 975
653

'1126

443
229?

4
948

72
82

205

1470
I 5528
't9060

I 2983
't0700

31 20
383

5523
1267
5880
2400
2750
1 165
41 50

82
3ì 50

283
237
621

43817
17957

5875
5766
3912
3037

95
3514

641
741
568

l l37
499

2167
0

l0l4
92

0
580

1728
13100
I 8007
16042
10792

4078
648

4354
823

4759
1 441
361 6
930

2723
312

5086
816
338

't8t9

+3. 8
+20.9
-32.9
+12.6
-t4. t

+137.1
+137.5

-30. I
-42.2
-62. 5

-t3.0
+1 .0

+12.6
-5. 5

-1 00.0
+7 .0

+27 .8
'100. 0

+182.9

+.l7.6
-15.6
-5.5

+23.6
+0.9

+30.7
+69.2
-21.2
-35 .0
-19. 1

-40.0
+31 .5
-20.2
-34.4

+280.5
+61 .5

+ 188. 3
+4?.6

+192.9

TOTAL 90,752 90,752 91,412 91,412 +0.7% +0.7%
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been incorporated into the mode-choice procedures and can
be used without further manipulation.

lnput Data Elements

Table 11 lists the data elements required for application
of the mode-choice procedures. The user can quickly
distinguish between those input elements that must be
supplied and those that are already available.

Highway Airline Dístance

Highway airline distance can be obtained from several
sources. If the user has utilized thè trip-distribution proce-
dures in Chapter Three, the analysis area-to-analysis area
airline distances might already have been developed. If,
however, the user enters the mode-choice procedures with
an existing person-trip table, by purpose, (from, for exam-
ple, a computer analysis) the technician will be required to
scale the highway-airline distance values.

Transit Airline Distance

For analysis area pairs that have direct transit service,
the highway.airline distance can be used to represent transit
airline distance for estimating transit demand of radially
oriented trips. For area pairs where transit service is
indirect, the user must exercise great caution, In those
cases, the transit patron will probably be required to travel
in a radial direction to a transfer point, change direction,
and continue to his or her final destination. It is recom-
mended that the transit airline distance for indirect trips
be determined in components to account for indirect
routing by: (a) measuring from the production analysis
area centroid to the transfer point, (b) measuring the
distance from the transfer point to the final destination
area and, (c) summing a and b as the transit airline dis-
tance. The user will need to carefully interpret airline
distance in those instances.

Some area pairs may not be accessible by transit. Those
areas without service can be quickly identified using a
graphic representation of the transit system routes (data
element 11) and can be immediately eliminated from any
further mode-choice analysis.

Transit Fare

The user will be required to supply an area-to-area
transit fare matrix. If the user is studying an area with a
flat fare system, this task becomes trivial in terms of the
Ievel of effort. On the other hand, a study area with an
elaborate zone or graduated fare structure will require
additional effort to organize the fare data between analysis
areas.

Auto Operatíng Cost

The cost being considered is actually the out-of-pocket
cost to the auto user. Over the years, mode-split models
have been calibrated with a wide range of assumed values
for out-of-pocket operating costs. Currently, most modeling
efforts are estimating these costs to be approximately five
cents per mile. Other values of cost are available to the user

in the mode-choice procedures, and the final responsibility
for selecting a cost rests with the analyst. It should be
observed that it is possible to assess mode choice under an
assumption of varying auto operating costs. For example,
the user may wish to analyze the magnitude of a shift to
transit if auto operating costs were to double.

Attraction-End Parking Cost

The user will be required to develop estimates of parking
cost in order to use the highway impedance nomographs
(shown later in this chapter). Parking costs will be neces-
sary for each trip purpose because trip duration varies
between work and nonwork purposes. As a guide, the
user can assume a duration of t hr for the HBW trip pur-
pose and 2 hr for the HBNW and NHB trip purposes.
The parking costs shown in the highway impedance nomo-
graphs represent the full parking charge associated with a
trip. For the purpose of demand analysis, it is appropriate
to consider one-half of the actual parking charges asso-
ciated with a round trip. The curves contained in the
highway impedance nomographs represent a consideration
of one-half the mid-range parking cost as described by
each highway impedance nomograph. In preparing the
estimates of parking cost by analysis area, the analyst is
cautioned to develop the cost based on all available
parking (free and paid) for the particular trip purpose
under consideration.

Average Híghway Speed

Area-to-area average highway speed can be determined
from previous efforts of the user or as a special exercise
using the "Airline Distance vs. Travel Time vs. Distribu-
tion Factors by Trip Purpose" graphs for the appropriate
urbanized area population. (See Figs. 7 through 30 in

TABLE 11

INPUT DATA ELEMENTS REQUIRED FOR MODE.
CHOICE ANALYSIS

INPUT DATA ¡L¡t¡Er¡Ta
SOURCE

Defaul t User Suppìied

ì. Highway Airline Distance

2, Transit Airline Distance

3. Transit Fare

4. Auto operating Cost

5. Attraction End Parking Cost

6. Average Highway Speed

7, Inpedance Exponent (b) Values

8. Median Income

9. Access Time

10, Person Trip Table

l'1. Graphicaì Display of Transít
System

x

X

x

x

X

X

X

x

x

x

X

a. Input data elements 1,2,3,6 and'10 are by analysis area
pairs (e.9., dlstrict-to-distrlct).
Input data elenents 5,8 and 9 are by the appropriate analysis
area (e.9., data element 5 for the attraction district).
Input data elements 4 and ll are by the study area.
Input data element 7 is by trip purpose (HBl.l, HBN$¡ or NHB),

1ì ' l

I

...1
.l

l



Chapter Three.) These graphs plot airline distance and
travel time for a trip between subregions of a study area
(i.e., CBD, central city, and suburb), and can be used to
determine average auto operating speed. To determine
average auto operating speed the user should:

1. Locate the appropriate "Airline Distance vs. Travel
Time vs. Distribution Factors" graph.

2. Determine the mix of highway facilities (i.e., between
freeways and arterials) the trip will traverse.

3. Enter the appropriate graph (Figs. 7 through 30) at
the appropriate airline distance and read across to the
facility mix desired and down to the travel time (add

terminal time, if required).
4. Subtract from the travel time the terminal time shown

for that graph and convert the new time to an operating
speed using the nomograph shown in Figure 57.

Impedance Exponent, b, Values

Impedance exponents for the general mode-choice model
(Eq. la) are supplied for the user in the form of transit
mode-choice nomographs (Figs. 74, 75, and 76 shown later
in this chapter) for three trip purposes-HBVy', HBNW,
and NHB. They are, respectively, 2.O,3.O, and 2.7. These

values were derived from analysis of exponent values
associated with gravity-model distribution factor curves for
these trip purposes. As has been previously mentioned, the
user can modify these default values by calculating ex-
ponents from locally calibrated gravity models and con-
structing new mode-choice nomographs (similar to those

shown in Figs. 74, 75, and 76). lf a person-trip table has

already been developed by using the trip-distribution
procedure described in Chapter Three, the default values
for the general mode-choice model exponents should be

used for mode-choice analysis.

Median Income

The mode-choice analysis procedures assume a median
family income of $9,000 per year for converting travel
cost items into equivalent minutes. Median income (by
each analysis area) is referenced inasmuch as most land-
use forecasting procedures produce the number of house-

holds within an income range. Ilowever, average household
income values may be used if they are available. Income
is applied to auto operating costs, parking costs, and transit
fare. If the user wishes, the default impedance curves may
be adjusted to take into account varying median income
values. The user is cautioned, however, to gain application
experience with the given analytical assumption before
experimenting with procedural modifications to impedance
calculations.

Access Time

Access time is that quantity of time between leaving the

origin point to entering the vehicle (bus or auto) plus

the time between exiting the vehicle and reaching the trip
destination. For transit trips, it may also include time to
transfer between transit vehicles. It is also referred to as

out-of-vehicle time plus, if appropriate, in-vehicle time not
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associated with the line haul part of the trip. For cal-
culating transit impedance, access time represents an

important segment of the total impedance value.

Person-Trip Table

The user is required to supply an area-to-area person-
trip matrix for each trip purpose (maximum of three
purposes-HBw, HBNW, and NHB) to be subjected to
mode-choice analysis. Trip tables may be used as developed
from the trip-distribution procedure described in Chapter
Three; or, the user may elect to use a computer-developed
trip table if one is available. With regard to the separate
application for each trip purpose, if the user desires, only
mode-choice analysis for the HBW trip purpose may be

conducted and then the number of transit trips derived
doubled to represent annual average weekday (AAWD) ,

transit passenger movements. (See Tabie 37, Chapier
Six.) Other research has shown that all HBW trips approxi-
mate daily transit travel during the combined peak period
for all purposes and combined period travel represents 50
percent of the AAWD transit trips. (See subsequent sec-

tion entitled, "Rules of Thumb").

Graphical Display ol Transit System

The user will need a graphic representation of the exist-
ing or proposed transit system to overlay the analysis area

boundaries for determining those interchanges with and
without transit service. Movements without transit service
may be eliminated from the mode-choice analysis, and it
can be assumed that all trips for those interchanges are

made via auto (auto driver and auto passenger). If transit
service difters significantly between the peak and off-peak
periods in the specific study area, separate peak and off-
peak descriptions will be required. As a general rule, the
peak system applies to the HBW trip purpose travel whereas

the remaining two trip purposes (i.e., HBNW and NHB)
should be associated with the off-peak system.

APPLICATION OF THE MANUAL MODE-CHOICE ESTIMATION

PROCEDURES

A generalized flowchart of the manual mode-choice pro-
cedure is shown in Figure 58. The procedure cycle shown
in Figure 58 must be completed once for each trip Purpose
subjected to an analysis. There are three main steps re-
quired with application of the mode-choice procedure as

follows:

Step I: Determine auto and transit impedanc¿s. The first
and most difficult task confronting the user is determining
area-to-area impedances, Note: the user is directed to
Figure 59, "Mode-Choice Analysis Work Sheet 4," for ap-

plication of the procedures. To minimize the level of effort
required, it is recommended that the user compress the
square person-trip table into a triangular trip table; for
example, assume the travel characteristics between i and j
equal i to i, and sum the trips to get a total movement
between i and i. This simplification should be fully satis-

factory except in localized transit service areas where in-
bound transit service difiers markedly from outbound
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Auto Impedance
Determi nati on

0btain Airline Travel
Distance From Scaiing
l'!ap or Trio Distribu-
tion Phase.

Determine operating
Costs And Speed

Look-Up Auto Impedance

-B-
Transit Impedance

Determi nati on

obtain Airline Travel
Distance (Same as auto
except for circuitous
transfer trips).

Determine Fare
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Table By
Purpose

_þ
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Figure 58. Flow chart of the manual mode-choice eslímation procedure.
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* Denotes access mode: w=walk, A=auto.
+ If triangular work sheet is desired,

be eliminated.
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Note that egress mode always assumed to be W=walk.
all cells vertically below the shaded cells should
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service. For example, where a substantial peak-commuter
bus operation is provided in the peak direction, separate
peak-direction and oft-peak-direction calculations may be

appropriate.
The analyst must supply the following information for

each analysis area pair (see previous section entitled "Input
Data Elements") :

i¡ryedance (eqriv.rúns. )

the same for each cell of a particular row on the analysis
work sheet.

For those analysis areas \ilithout transit service, the user
can simply record "0 percent" transit in the appropriate
space on work sheet A, and analysis of those areas can be

considered complete.
The foregoing information should be recorded on rflork

sheet A for each analysis area pair. After doing so, the
technician is prepared to determine the market share from
the mode-choice nomographs (Figs. 74, 75, and 76 dis-

cussed subsequently) and prepare the modal person-trip
estimates.

To determine the transit and auto impedances, the user
is directed to the "Transit and Auto Total Impedance
Nomographs," Figures 60 and 61 for transit, and Figures
62 through 73 for auto. The transit impedance nomo-
graphs for walk access have an assumed walking-plus-
waiting time of 8 min at the production end of the trip
before weighting. This assumption has been made in or-
der to provide consistency with the "Transit Corridor
Analysis Manual" (2S). The user may desire to alter that
assumption so that the nomographs can more accurately

reflect changes in service levels. To change the assump-

tion, the user should subtract 2.5 times 8 min (20 equiva-

lent min) from the impedance quantity and add 2.5 times

the desired access time. The user may wish to keep the

assumed walk time (3 min) and modify the wait time to

o Highway distance
. Transit distance

¡ Highway operating
speed

o Transit fare
o Parking cost

Map of study area.
Equal to highway distance except
where trip requires additional trip
distance due to transfer location.
In those cases the airline distance is

equal to the airline distance from
origin to transfer point to destina-
tion.
User judgment.

Local transit system.
User knowledge of study area.

Additionally, the user must determine the access mode
(walk or auto) for each production analysis area. (See

asterisk in Fig. 59.) It may be assumed the access mode is

=ftansit ai rl'ine êistance (¡niles)

F =I?ar¡sit fa¡re ($,Ç)

.Pc =Auto parking cost ($,Ç)

S =Auto operating speed (nPh)

Fígure 59. Mode-choice analysis work sheel A.
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(Figures 63 tì:ough 73 can be used
ln a simiLa¡ nran¡rer.)

PÀRKING COST = LESS THAN 75+

OPERATING COST = 10êI¡4ILE
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equal one-half the headway in the analysis area. To modify
the default auto accesstime of 3 min (Fig. 61), the user is

cautioned that it is not, and should not be, weighted be-

cause it is an in-vehicle travel time. Likewise, the user may
wish to adjust the default walking time at the attraction end

of the trip. The default destination walk time of 3 min can

be adjusted by subtracting 3 times 2.5 (7.5 equivalent min)
from the impedance and adding 2.5 times the desired
destination walk time.

Further modifications can be made to the impedance
nomographs for transit trips requiring a transfer. These
default curves assume no transit-to-transit transfer. This
situation is quite common where travel occurs between two
analysis areas whose path is not radial to the CBD core. It
is customary to incorporate a waiting time equal to one-
half the headway of the bus line being "transferred to."
The user is encouraged to make these adjustments where
appropriate for transit trips in order to prevent an over-
estimation of nonradial transit travel. As a default condi-
tion, the user can assume an additional 12.5 equivalent min
(5 min unweighted transfer time) for trips of this type.
When incorporating this transfer trip modification, the user
can simply add the transfer penalty to the values deter-
mined from the transit impedance nomographs inasmuch
as it causes a constant vertical shift to the default curves.

Two transit nomographs are provided, one for walk ac-

cess, and the other for auto access; the curves within each

nomograph are stratified by transit fare. Auto total im-
pedance nomographs are categorized by out-of-pocket auto

operating costs and actual parking cost at the attraction end

of the trip; the curves within each nomograph are stratified
by highway operating speed.

By looking up the airline distance on the appropriate
nomograph and curve, the total impedance for either mode
can be read off the y axis and recorded on work sheet A
(i.e., I, for transit and 1o for auto).

The user should be aware of all the assumptions that
have entered into the development of the total impedance

curves for transit and auto trip paths. In general, the

assumptions correspond to those described in Ref. (28).

The assumption used in the aforementioned reference to

convert highway and transit airline distance to actual miles

of route was 1.27 (the circuity factor). This differs slightly
from the 1,22 used in Chapter Three in the section entitled,

"Constructing Airline Distance vs. Travel Time vs. Distri-
bution Factors Graphs." Ilowever, because the ratio of
impedances (auto, transit) is used when entering the mode-

choice nomographs, no noticeable difference in result is

obtained.

j

..
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parking cost, 81.40 to $2.50;

The user can, if so desired, develop total impedance
nomographs specific to a particular study area (using the
general impedance function) by substituting variables that
are more representative of local conditions in that study
area. The cost conversion factor (2.5) assumes an average

income of $9,000 per year.
Step 2. Determine market share. The next steP in deter-

mining the market share and completing work sheet A is

accomplished using the mode-choice nomographs shown in
Figures 74,75, and 76. Nomographs are provided for the
following trip purposes:

NOMOGRAPH TRIP PURPOSE EXPONENT VALUE' b

L4

Other assumptions are as follows:

o Parking costs:

PARKING COST

STRATA

($)

VALUE

REPRESENTED

($)

ONE-HALF

PARKING

COST

($)

0-0.75
o.75-1.40
t.4r--2.50
Over 2.50

o.37
LO7
1.95
3.00

0.185
0.535
o.975
1.500

mln
a

e Total auto origin and destination terminal time:S
or 12.5 disutility equivalent minutes.
Average transit access times (min):

Figure 74
Figure 75
Figure 76

HBW
HBNW
NHB

2.0
3.0
2.7

IN-VEHICLE OUT-OF-VEHICLE ( UNWEIGHTED )

AUTO

ACCESS

ORICIN

WALK AND WAIT
TRANSFER DESTINATION

AND WAIT W.{LK

Walk access

Auto access

0
J

5
0

J

3

J

1

0
7

o General impedance equation:

Total impedance: In-vehicle time * 2.5 (out-of-
vehicle time) * (costs ($) /2.5)

Using the determined highway and transit impedance for
each analysis area pair and the appropriate trip purpose

mode-choice model, the user can determine the percentage

PARKTNG COST = OVER $2.50

OPERATING COST = 15+/I4TtE
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of trips occurring between the analysis area pair that can
be expected to use transit. To use.Figurc 74,'75, or'16, the
appropriate nomograph is entered on both the r and y axes

using the determined highway and transit impedances re-
spectively; then, the intercept will show the percent of trips
by transit, ms, 'îhe user will, most likely, need to interpo-
Iate between the curves supplied on the nomograph. The
ns¿ result should be recorded on work sheet A and work
sheet B as shown in Figure 77. Work sheet A is now com-
plete and the user can, using a calculator, proceed to
complete work sheet B.

Step 3. Determine transit and auto person-trips. The
compressed (triangular) person-trips for each analysis area

pair of the trip purpose under investigation should be re-
corded on work sheet B. Multiplying the trips by the per-
cent transit market share, ms¡, will yield the number of
transit person-trips anticipated to occur between the analy-
sis areas. Subtracting transit person-trips from the total
person-trips for that particular interchange yields the num-
ber of auto person-trips for the interchange.

The completion of work sheet B finishes the mode-choice
analysis for the trip purpose. Most probably the analyst
will have chosen the HBW trip purpose to analyze first. If
so, a decision then has to be made about the extent of
further analysis of the nonwork trip purposes (i.e., HBNW
and NHB trips). The analyst has two options:
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Figure 74. Mode-choice model nomograph: ftip purpose, HBW.

TRIP PURPOSE = IIBIT (]TIPEDAI\CN NXÞOìüENT b = 2.0)

Iil(AÙ]PI,E:

Given:
Transit irrpedance = 48 equivalent minutes
Auto iÍpedanæ = 35 equivafent minutes
tren, ms¡ = E narket st¡a¡e transit =

35t (for HB{ person trips).
(Figure 75 ancl 76 can be r:sed in a
si¡úlar rnanner.)
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TRIP PIjRPOSE = HBNW (nrPÐAI,¡æ Ð,{POl¡tflilT b = 3.0)
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1. The aforementioned process may be repeated for each

trip purpose (taking care to adjust input variables and to
select the proper mode-choice nomograph).

2. The transit HBW trips could be assumed to represent
the total movement during the peak periods, which is esti-

mated to be 50 percent of the total transit trips for an

annual average weekday (AAWD). (See Fig. 84 and
Table 37 in Chapter Six.)

If the user desires to pursue transit systems analysis to
determine fleet sizing and system costs, the procedures in
the "Transit Corridor Analysis Manual" (28) should be

employed.

0102030 40 50
AIITO-HIGI,üY ruPÐANCE (DISTJTTLITY IN EgJiliALMM MINI.}IES)

Figure 75. Mode-choice model nomograph: tip purpose, HBNW.

ESTIMATING SENSITIVITY OF MODE CHOICE

TO POLICY CHANGES

Today, many technicians involved in transportation plan-

ning are asked to determine the consequences of changes in
fare structures, gasoline costs, and the like, and they are

faced with extensive and laborious techniques in order to
respond. In many cases, it seems the time required to pro-

vide an answer is so extensive that the answer is not avail-

able until after a policy decision is made. To assist the
planner in reducing policy response time, several aids are

included in this section for addressing quick-response situa-

tions to policy issues.
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The analytical aids contained herein have been derived
from the basic mode-choice model developed in the be-
ginning of this chapter. The user may develop other rela-
tionships which are pertinent and specific to the study area
and needs. The rules of thumb presented later may prove
useful for many users. Should it be desirable to modify any
of the information contained in the basic nomographs, the
user is directed to the preceding section which describes the
assumptions used.

Graph of Market Share Gurves by Trip Purpose

Figure 78 shows, in combined form, the curves plotted
for each of the mode choice models, that is, for HBW,

HBNW, and NHB trip purposes. The market share of
transit, msr, plotted against the impedance ratio where:

Impedance rario : +H+g*+1tllghway rmpedance

It can be seen from Figure 78 that the market share is
a function of the ratio of impedances and the exponent,
applied according to trip purpose, of the ratio. If a change
in impedance for either the transit or highway mode can
be predicted under given conditions, the change in the
impedance ratio can also be determined. By observing
the new impedance ratio, the user can determine a revised
market share of transit.
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Figure 76, Mode-choíce model nomograph: tríp purpose, NHB.

mIP PIJRPOSE = NHB (ntPmAI'tCE ÐGI}{F$II b = 2.7)



sheet is de.sired, all cells vertically below

8l

the shaded cells should+ If triangular work
by elimiated.

2 3 4 5 6 7 8 9

X ftips

I

T.

2 ñs
3

\s\\\
\* \
N\N\ LEGMi¡D:

4
N\N\
\ss

t rThiñe = E,ersrn tris betl,Ieen
í e j for trnrrpose P

rnst = I rnarket share tlansit
T¡ = Írs+ x (f üiPs)

5
NN\
\+ \

Tâ = (X trips) - T¡

AND ANALYSIS AF.EA

d
f¡lú
,4

(n
H
(/)
>l
È
dzd
2
Ê¡
F¡
E
H
F¡
4

Figure 77. Mode-choice analysís work sheet B'

Graphs for Gonversion of lmpedance

The mode-choice model deals with three basic elements

of a trip in estimating the impedance values' They are:

o In-vehicle travel time.
o Out-of-vehicle time.
o Trip costs.

The first, in-vehicle travel time, has a one-to-one cor-

respondence with impedance. That is, the in-vehicle

travel time, in minutes, is equal to the value of impedance

for that comPonent of the total impedance. The secoñd

and third items require conversion based on behavioral

analysis and model calibrations from urbanized atea

studies.
Out-of-vehicle time is weighted by a factor of 2'5 to

convert the value to an impedance quantity' In effect,

the traveling individual perceives a walking or waiting

minute as 2.5 X (traveling min)' To assist in converting

out-of-vehicle time into equivalent minutes of impedance,

Figure 79 has been included. For example, if the walking

time from the point of origin to the bus stop is 6 min,

the user can enter Figure 79 along the y axis and read

across to the intercepting diagonal and down to the x
axis. The result observed, along the I axis, is 15 equivalent

minutes of impedance.
Trip costs, in cents, must be converted to equivalent

minutes in order to be additive with the other components

of total impedance. Travel costs include auto operating

cost, parking cost, and transit fare. The value an individual

ur.o"iut"t with his "nonworking" time has been the sub-

ject of much research. However, the assumption used in

these procedures is the same as is contained in the UMTA
defauit model which describes the value of an individual's

own time equal to one-third of the value associated with

an equivalent amount of working time. The transforma-

tion equation is:

cosrinminutes:ffi tttl
where

120,000 is a constant to convert the $/yr to 4/min

Figure 80 is a conversion graph for transforming costs

into ãquivalent minutes of impedance. The graph is ap-

plicablé for any type of user cost and for either highway

ãr transit trip attributes. The graph has five income levels

plotted for use in making the conversion' The dashed

iirr" ."pr"."ots the assumption used in the "Transit and

Auto iotal Impedance Nomographs" (Figs' 60 through

73) lor estimating the impact of costs on trip-making

decisions; it assumes a median household income of

$9,000 per year. The other four curves represent the

mid-point of income ranges used in Chapter Two, "Trip-

Generation Estimation," and are intended for the analyst's
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use when default conditions of these procedures are to be

adjusted to match known economic situations of the study

area.

Nomograph for Estimating Change ¡n Trans¡t Patronage

Figure 81 is a key aid for quickly determining a change

in transit patronage given a known split of trips between

modes by purpose. The three simplified mode-choice

models developed in this chapter have been combined

into a single graph for use in rapidly determining mode

split or change in mode split under specified policy as-

sumptions. An application of the graph is illustrated by
the following example:

Given: Two districts with the following existing

impedance attributes:

Total transit impedance-95 equivalent min'
Total highway impedance-35 equivalent
min.

Determine: The impact on transit patronage for HBW-
related trips if transit fares were increased

by $0.10.
Solution: 1. Assuming an average household income

of $9,000, (in the origin district) it is

determined from Figure 80 that the fare

increase will add 4 equivalent minutes

to the transit imPedance. Thus, the

revised total transit impedance will be

99 equivalent min.
2. With the known transit and highway

impedance of 99 and 35, respectively,

construct line 1 as shown in Figure 81'

3. At the point where line 1 intersects the

reference line, construct line 2 parullel
to the impedance scale lines until it
intersects the HBW mode-split curve'

4. At the point line 2 intersects the HBW
mode-split curve, construct line 3 per-

pendicular to the impedance scale lines

until it intersects the percent transit
scale.

5. Line 3 shows the solution; i.e', 11 per-

cent of the HBW trips between the dis-

tricts are estimated to use transit.

If desired, the analyst can obtain further information
about transit travel between the two districts. Construct-

ing other solution lines from line 2 at the points line 2

iniersects the other mode-split curves will reveal that,

under the same impedance conditions, HBNW percent

transit is estimated to be 4 percent and NHB is estimated

to be 6 percent.
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The elasticity of the fare increase can also be determined

if the analyst desires to do so. A solution can be deter-

mined under the original impedance conditions of 95 and

35 equivalent minutes for transit and highway travel and

compared to the preceding solution' Under the base con-

dition, the HBW trips estimated to use transit is equal to

12 percent. Thus, the $0.10-fare increase will have the

impact of reducing the HBW transit trips by 8.3 percent;

i.e., l(Ll-12) / 121 X 100.

Rules of Thumb

The intent here is not to provide analytical procedures

but rather industry observations of "what's happening

now," in a general sense. The user certainly should be

aware that the rules are not rigid; however, their applica-

tion should provide results that are of a reasonable order
nf maonifrrde

1. A 3-percent increase in transit fare will cause a 1-

percent decrease in transit ridership and, conversely, a

3-percent decrease in transit fare will cause a l-percent

increase in transit ridershiP.
2. The following residential transit trip-generation rates

apply to an area described by r/+ mile on each side of
a transit line (also see Table 1, Chapter two) :

INCOME

RESIDENTIAL

DENSITY RATE
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Determine: The transit headway necessary to get 30 per-

cent of the north corridor HBW trips to and

from the CBD on transit.
Solution: 1. Figure 82 shows the corridor under con-

sideration that includes analysis districts

l, 2, 3, and the CBD. All districts are

assumed to have transit service. With
the foregoing information and the ap-

propriate "Auto Total Impedance Nomo-
graph" (Fig. 62), the district-to-district
auto imPedances are found to be:

DISTRICT

PAIRS

ONE-WAY

AIRLINE

MILEAGE

ÀUTO

IMPEDANCE
(equrv. vrw)

1_CBD
2_CBD
3_CBD

Dl - 1.3

Lt¿: L.V

D3:2.9

29
a7JI

35

2. With a known (desired) mode split of
30 percent, the mode-choice nomograph

for HBW triP PurPose (Fig. 74) and

the district auto impedance can be used

to determine the transit impedance nec-

essary to achieve the desired condition.
They are:

High and middle
High and middle
Low

) 5 DU/acre
( 5 DU/acre

All

0.75 trip/DU
0.40 trip/DU
1.00 trip/DU

ONE-WÂY
AIRLINE

MILEAGE

TRANSIT

IMPEDANCE
(eeuw. r'rn¡)

DISTRICT

PAIRS

3. The following represent average patronage estimates

per hour of operation bY area:

I-CBD
2_CBD
3-CBD

Dl : 1.3

D2:2.O
p3 - 2.9

45
47
54

REVENUE
pesseNcens/r¡n/veH

CBD
Central city-line haul
Suburbsline haul
Suburbslocal

AN EXAMPLE APPLICATION

The mode-choice model can be applied to many analysis

levels for varying conditions in addition to the full-scale
regional case. The following example describes how an

analyst, having knowledge of the existing travel, might

determine the impact of an operating policy in a corridor:

Given: A transportation planner has an HBW
person-trip table and knows the following
information about travel between areas

within the corridor and the CBD.

: $0.25

- $0.70ldaY

- $0.5/mi
: 30 mPh

Assumed household income : $9,000/year
(default)

For the example, it will be assumed that

district 2, as the mid-area, represents the

corridor. In application each district

should be evaluated individually.
3. Using the transit impedance results from

Step 2, the headway necessary to get 30

percent of the workers to use transit can

be predicted as follows:

Transit impedance: 47 equivalent min

also

Transit impedance : (in-vehicle time)
+ 2.5 (ou,t-of-ve-

hicle time)
* (costs ($)/2.5)

Using Figure 57 (assuming a 15-mPh

bus operating speed), in-vehicle time is

equal to 10 min for an airline distance

of 2.0 miles.

Therefore

47 - lO + 2'5 (out-of-vehicle time)

+ (2s/2.s)

30
24
20

9

Transit fare
CBD parking charge
Auto operating cost
Auto operating speed
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'I

or

Out-of-vehicle time: 21 /2.5
Out-of-vehicle time : walk

* wait time
(assuming transfers are not involved)

The model default values assume walk
time equals 6 min (3 min at origin * 3

min at destination). Then

2.5 (wait time) - 27 - 2.5(6) : t2
and

Wait time :4.8 min

4. Conclusion: If it is assumed then, as
many transit planners do, that the aver-
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Dz= Z'O rñt:lØs
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1
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Fígure 82. Study conidor lor example application.
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age wait time is equal to one-half the

headwaY; then, a headwaY of aPProxi-

mately 10 min is necessary, under the

given conditions, to get 30 percent of
the HBW trip between district 2 and the

CBD to use transit.

FEATURES AND LIMITATIONS

The user should be aware of how the mode-choice

model functions in terms of elasticity. The model, as

shown in Eq. 14 can be further simplified by dividing

the right-hand side by !/Iot fo obtain (for any ij pair):

87

As with any procedure, the mode-choice models, in
application, should be checked against a known universe

of mode split to fortify the user's confidence that the

models are producing reasonable results. It is recom-

mended the models be applied to current operating con-

ditions and compared to transit patronage information
from the local transit operator. For those areas using the

models where transit service does not currently exist, the

user can only judge the reasonableness of the results

obtained from the model.

Application of the models to nonscheduled transit serv-

ices (demand-responsive) is zot recommended. Applica-
tions where special services exist (such as club buses,

express-only service, etc.) should be made with caution. To

apply the procedures for nonscheduled types of opera-

tions would require the user to develop surrogate rePre-

sentations of system operating conditions such as wait
time, walk time, and in-vehicle operating time. Existing
experience with demand-operating conditions is limited
and has not produced modeling procedures that can be

quickly interchanged between areas'

Use of Local Models

The user may have available an existing mode-choice

model that has been calibrated for the study area in
question. In those cases it is probably desirable to use

the local models. Generally, all types of mode-choice

models can be reduced to a graphic form whether they

are:

¡ Trip end.
o Trip interchange.
¡ Marginal disutilitY'
¡ Diversion.
r Other.

Some models, such as marginal disutility, require an

impedance calculation similar to that described by the

procedures, and the user can make necessary adjustments

to accommodate locally calibrated models. Using local

impedance expressions, impedance nomographs similar to

those shown in Figures 60 through 73 can be developed'

Historically, a problem of mode choice models is their

insensitivity to system variability. The user should in-

vestigate the model for sensitivity to system changes and

determine if it witl adequately respond to policy alterna-

tives. The user may wish to employ the procedures con-

tained in this chapter instead of local models if the local

models lack a sensitivity to system change because of

limitations of the model structure.

I*tr:;úil

1*tr:rffi

( 16)

(r7')

Thus, the market share is dependent on a ratio of the

impedance for each mode. The user should note that

pr"di"ting changes in the market share is dependent on

ihe obtolut" magnitude of modal impedance' Obviously,

the degree of change observed in the ratio is related to

the degree of change in either its numerator or denomi-

nator.
The mode-choice procedures have many internal fea-

tures that are desirable for testing policy alternatives as

well as conducting areawide planning. Their sensitivity

varies according to the form in which they are applied'

Sensitivity is primarily governed by the impedance nomo-

graph. For examPle:

1. If the user applies the default nomographs (Figs' 60

through 73) with their inherent assumptions regarding

service levels and income, the procedures will not be

sensitive to varying levels of transportation' That is, if
the analyst wishes to evaluate significant increases to the

transit s;rvice, it will be necessary to vary the wait times

and to create other appropriate nomographs' On the

other hand, the user can invoke varying service and

economic test conditions to provide the desired sensitivity

by developing other impedance nomographs'-'Z. 
eppiicaiion of the procedures to address subarea

po[cy þestions, such as to determine shifts in mode

"noió" 
b""uur" of specific policy alternatives, has shown

they respond well to operating and cost variations'
j. lt ìtt" user has 

"*ittiog 
gravity-model calibrations'

the mode choice models can be easily calibrated from the

friction-factor, curves.
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CHAPTER FIVE

AUTOMOBI LE.OCCUPANCY CHARACTERISTICS

INTRODUCTION

The most commonly used modeling approach employed
by urban transportation plannêrs is to generate total per-
son-trips, and then distribute and split these trips into auto
and transit modes. Auto-occupancy factors are then ap-
plied to the auto person-trip dataset to produce vehicle
trips for use in the traffic-assignment process. The im-
portance of auto occupancy in this process becomes ap-
parent when it is considered that a slight eiror in the auto-
occupancy rates (e.g., 1.36 vs. 1.50 or about 10 percent)
translates into a difference of more than 10,000 vehicles
per day on a high-volume facility.

Unfortunately, however, investigation indicates that rela-
tively little attention has been given to the development of
procedures to determine auto occupancy. It appears to be
common practice to develop auto occupancy factors by
trip purpose from base-year data and to use this one set
of factors for all subsequent planning efforts.

Recently, auto occupancy considerations have begun to
receive greater attention in the urban planning process.
This attention is to a large extent the result of programs
initiated, such as ride-sharing and the exclusive use or
preferential treatment of transportation facilities to serve
high-occupancy vehicles, to conserve energy and improve
air quality. Many transportation planners are beginning to
view auto occupancy as an input policy variable to the
planning process rather than as an output of the process.

An effort was undertaken to assimilate and analyze
¿vailable data relative to auto occupancy to determine
auto-occupancy values, and to develop some insight into
the variation of auto occupancy with other factors. Tables
for estimating auto occupancy by urbanized area popula-
tion, trip purpose, time of day, trip length, land-use at
destination, and income and parking cost have been pro-
vided to assist in responding to auto-occupancy questions.

BASIS FOR DEVELOPMENT

This section describes the data sources utilized and the
analyses perfbrmed to provide estimates of automobile
occupancy.

Three major data sources were used in the develop-
ment of these estimating procedures: The "Nationwide
Personal Transportation Study" (ß, 3a); a report en-
titled, "An Analysis of Urban Travel by Time of Day"
(3ó); and numerous urban transportation study reports.

In many instances, the available data sources were
either incomplete or incompatible in terms of data stratifi-
cation, over-all findings, or year of data. For these rea-
sons, manipulation of the base data was required to
produce the results contained herein. To the extent
possible, these manipulations are described to assist the
user in developing an appreciation for the strengths and
weaknesses of the estimating procedures.

FEATURES AND LIMITATIONS

In an effort to develop an auto-occupancy estimating
procedure usable in urbanized areas of varying popula-
tion, investigation was undertaken to determine if auto
occupancy (either total or by trip purpose) varies with
the population of an area, by time-of-day, trip length,
and the like.

VariatÍon in Auto Occupancy by Urbanized Area population
and by Trip Purpose

The "Nationwide Personal Transportation Study"
(NPTS), concludes that auto occupancy does nof vary
with city size:

The size of the standard metropolitan statistical area has
no clear relationship to occupancy rates. Although there
does appear to be some difference between incorporated
and unincorporated areas, this difterence may be due to
statistical inference (33).

As a check for this conclusion, information relative to
auto occupancy was compiled following a review of nu-
merous urban transportation study reports. The data were
subsequently used to construct lines of best fit for each
individual trip purpose and for total trips. The findings
of the review led to several conclusions that should be
noted: (1) the variation in auto-occupancy rates by trip
purpose is quite insigniflcant over the range of urbanized
area populations to which the results of this study will
most often be applied; and (2) it is possible to develop
average auto-occupancy rates by trip purpose for selected
urbanized area population groups.

Such values reflect average auto-occupancy rates as of
approximately 1963 (average base-year of available data).
Investigation was therefore undertaken to identify trends
in auto occupancy over a period of time. The NPTS was
of no help in this regard because data presented in that
publication are for only one point in time. However,
information compiled following review of numerous urban
study reports provided some insight into the change in
auto occupancy over a period of time.

The information gathered and analyzed suggests that:
(1) total, home-based work (HBW) and home-based non-
work (HBNW) trip purpose auto-occupancy rates are
increasing at about the same order of magnitude; (2) the
auto-occupancy rate fo¡ home-based (HB) social-recrea-
tional trips is increasing at a faster rate; and (3) HB
shop and nonhome-based (NHB) auto-occupancy rates
are decreasing. In view of the lack of data beyond 1965,
it was concluded that the most reasonable method of up-
dating the auto-occupancy values to 1976 would be to
apply the trend associated with the total trip purpose to
all purposes with the exception of the HB social-recrea-
tional purpose where a greater increase seems justified.



The application of these trends yields the auto-occupancy

rates by urbanized area population and trip purpose given

in Table 12.

Var¡at¡on ¡n Auto Occupancy by Time of Day

The preceding section explained the development of
average auto-occupancy values by urbanized area popula-

tion and trip purpose fot 1976. These values reflect

average daíIy auto occupancy rates.

Investigation was undertaken to determine if auto oc-

cupancy by trip purpose varies by time of day' Review of

"uãil"bt" 
information yielded some insight; that is, only

three of the availiable documents (33, 34, 3ó) had in-

vestigated auto occupancy to this extent and support the

pr".i." that auto occuPancy does vary by time of day

ãnd by trip purpose significantly enough to be considered'

Work was therefore undertaken to develop the informa-

tion given in Table 13.

The method employed was as follows: The variation in
auto occupancy by trip purPose was used to construct a

table of auto-occupancy values by hour-period for HBW'
HBNW, NHB, and all-purpose trips for St' Louis,

Missouri. This table was then adjusted to reflect 1976

national average auto-occupancy rates rather than the

St. Louis rates, by multiplying entries in the table by the

national to St. Louis-occupancy rate ratios. The HBNW
trip purpose was subsequently {isaggregated into HB shop-

and HB social-recreational trip purposes. The occupancy

rates for the HB other-trip purpose were then entered

using HBNW information on the assumption that this

group of trips best represents the HB other-trip purpose'

Finaiy, the auto-occuPancy rates by trip purpose by hour-

period were converted to the adjustment factors given

in Table 13.

Variation ¡n Auto Occupancy by Trip Length

Thus far, it has been shown that auto-occupancy rates

vary by trip purpose and by time of day. In addition'

infórmation reported in Ref. (33, 34, and 3ó) indicated

that auto occupancy is also a function of trip length in

terms of time or distance. For example, a line of best fit
to the data given in Ref. (3ó) indicates that:

Total auto occupancy : l'37 + 0'0062 x
(TrlP time in min)

These data (reflecting conditions in St. Louis as of
1965) indicate that the average auto occupancy for all

trips of 25 min duration is about 1.53, and for all trips

of 50 min duration the average auto occuPancy is about

1.84.
In this chapter, trip length in distance rather than time

is reported to eliminate the differences in level of service

p.ouid"d in different urbanized areas. Information given

in the Nationwide Personal Transportation Study (33)

was used to develop a set of auto-occuPancy trip-length

adjustment factors, modified to reflect 1976 avetage'

occupancy factors and selected trip purposes' The resul-

tant calculations are given in Table 14.

The auto-occupancy rates given in Table 12 may be

cumulatively adjusted by the factors given in Tables
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13 and 14. For example, a HBW trip for an urbanized

area in the 50,000 to 100,000-population group has asso-

ciated with it an auto-occupancy rate of 1.38 (Table 12)'
If this trip occurs at 8 eM, this rate would be adjusted

downward by 0.11 (Table 13) ro 1.27. If, in addition, the

trip length is 20 mi, the occupancy rate would be raised by

0.10 (Table 14) to t.37' (Similar adjustments can be

made to the auto-occupancy rates contained in Tables 15

and i6.)

Variation ¡n Auto Occupancy by lncome Level and Park¡ng

Cost

In addition to the variables discussed thus far, it is

intuitively known that auto occupancy is a function of
the income level of the trip-maker and of parking cost

at the destination of a trip; that is, the auto occupancy

of low income trip-makers is higher than ior sirrrilar

trips by high income trip-makers, and the auto occupancy

foi trips to high parking cost areas is higher than for
comparable trips to low parking cost areas.

Tñis basic relationship between auto occupancy and the

economics of travel is extremely important, but often

neglected in the planning process. In particular, the use

of average auto-occupancy.rates by trip purpose will tend

to overestimate vehicular trips to areas of high parking

cost and underestimate vehicular trips to areas where

parking costs are either low or nonexistent.

As part of this user's guide, generalized relationships

between auto occupancy and parking cost and income

level are provided to assist the user in assessing the effects

of such variables. A set of relationships developed for
the Minneapolis-St. Paul, Minnesota, area were used as a

basis for the material provided. This information was

subsequently updated to 1976 on the basis of the rela-

tionship between the average HBW and HBNW auto

occupancy-rates developed. The results are given in
fa¡le f S, for HBW and HBNW trips. In Table 15, both

income level and parking cost are stratified into non-

quantitative groupings. This method of stratification was

ernployed to allow each user to employ locally available

infòrmation. Ilowever, if local quantitative data on

auto-occuPancy resPonse to income and parking cost

are lacking, the following guidelines may be employed:

QUALITATIVE
DESCRIPTOR

INCOME

rrver($)
PARKING

cosr($)

Very High
High
High Average
Low Average
Low
Very Low

31,000 and above

23,000-30,999
16,000-22,999
11,000-15,999
6,000-10,999

Under 6,000

4.25
3.50
2.75
2.00
t.25
0.50

Variation in Auto Occupancy by Land Use at Destination

It may be desired to estimate auto occupancy knowing

only the characteristics of the destination end of the trip;

for example, what will be the average auto occupancy to

" 
proporËd shopping center? Investigation was therefore
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TABLE 12

AVERAGE DAILY AUTO.OCCUPANCY R,{TES (1976) BY URBANIZED
AREA POPULATION AND TRIP PURPOSE'

a. source: References (å, t)_.
b. Weighted average of auto occupancl¡ rates

and HB Other trip purposes.
c. Weighted average of auto occupancy rates

for

for

HB Shop, HB Social-Recreational

alt trip porpor.".

.ì.ii
-,'l

'',1

i

I

!'ì

TABLE 13

AUTO.OCCUPANCY RATE ADJUSTMENT FACTORS BY TIME OF DAY "

'fì

a.
b.

Sources Referenqes (33., 3j!!. 3L
The adjustnent factorE-are to-be applied additively to the auto occu-pancy rates from table 12.

c. Weighted average of adjustlent factors fortional and HB Other trip purposes.
d. Weighted average of adjustnent factors for
s. Trip data scarce for these hours/purposes,

for analysis.

HB Shop, HB Social-Recrea-

all trip purposes.
therefore, not suf ficient

.L
ì-l

TRIP PURPOSE

URBÀNIZED ÀFEA
POPUIJAllON HBW

HB
Shop

HB
Soc-Rec

HB
Other Hsìrwb NHB

Â11
htpoeed

50,000 - 100,000

I00,000 - 250,000

250,000 - 750,000

750,000 - 2,000,000

1.38

L.37

1.35

1.33

L.57

r.57

r.57

r.58

2. 31

2. 31

2 .30

2.29

r,52

1.52

L.52

I.5I

L.A2

1. 81

L.77

I.7 4

r,43

1.43

r.43

1.43

1. 50

1. 50

t. 50

1. 5l_

HOUR
PERTOD

BEGTNNING

.ADJUSTMENT FACTORS BY TRIP PURPOSEb

HBW
HB

Shop
HB

Soc . -Rec.
HB

Other HBNWC NHB
ÀLL

tr-¡oaes4

r z HiËr,t
1

2

3

4

5

6

7

I
9

10

l1
12 noon

1

2

3

4

5

6

7

I
9

10

11

-0.05
-0. 07

-0. t4
-0. 1r
-0.08

0

+0.05
+0. 03

-0.11
-0. 13

-0.L2
-0. I4
-0. 11

-0. 11

-0.07
+0.03
+0. 04

+0.03
-0. 08

-0, 03

-0. 04

-0.05
-0. 05

0

e

e

e

e

e

e

e

e

-0.24
-0. 16

-0.16
-0. 08

-0. 08

-0. 08

0

+0.08

-0.08
+0.08
+0. 08

+0. 16

+o.24
+0,16
-0.08

e

-0. 01

e

e

e

e

e

e

e

-0.20
-0.30

0

0

-0.10
-0. 10

-0.10
0

0

0

0

+0.10
+0. 10

+0.30
+0.20

20-0

+0.07
+0. 05

+0. 08

+0.06
+0.07
+0,05

-0. 19

-0.25
-o.23
-0.17
-0. 13

-0. 12

-0.06
-0.12
-0.10
-0.07
-0. 08

-0. 05

+0. 02

+0. L7

+0.14
+0.19
+0,18
+0.19

+0.06
+0. 05

+0. 08

+0.06
+0. 07

+0.05

-0 .19

-0.25
-o.22
-0.21
-0. 09

-0. L4

-0.04
-0. 10

-0. 07

-0.04
-0. 05

0

+0,03
+0. 11

+0. 15

+0.15
+0. 15

+0.19

| -0.10
| -o.rt
| -o.ro
| -o.ro
| -o.zo
I -o.zr
I

| -0.re
| -0.19

-0.28
-0.24
-0.22
-0.19
-0. 18

-0. 09

-0. rl
-0. 08

-0.09
-0.10
+0.17
+0.33
+0.33
+0.31
+0.26
+o.27

0

-0. 06

-0. 09

-0. 09

-0. Ll
-0.15
-0.22
-o .23

-o.26
-0.13
-0. 05

-0.03
-0.03

0

-o.02
-0.05
-0.12
-0.05
+0.03 l

I+0.32 I

+0.2e I

+0.2e I

+o.22 I

+0.20 
|
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TABLE 14

AUTO.OCCUPANCY RATE ADJUSTMENT FACTORS BY TRIP DISTANCE "

a. Source: References (33, 34, 3ó).
b. The adjustrEnt factors are to'be applied additively to the auto occu-

pancy rates from Table 12. Sone of the vàriations in the adjustrent
iactórs presented here are probably due to the statistical inadequacy
of the dataset from which tÌ¡e factors were derived.

c. Weighted average of adjustnent factors for HB Shop, HB Social-Recrea-
tional and HB Other trip purposes.

d. Weighted average of adjustnent factors for all trip purposes.
I Trip data scarce for these hours/purposes, therefore, not sufficient

for analysis.

undertaken to develop auto-occupancy rates by land-use
category. As in othqr efforts, limited data were avail-
able; however, a dataset was developed that was felt to
be adequate for use in developing reasonable estimates of
auto occupancy by major land-use category. This dataset

was subsequently updated to 7976 on the basis of in-
formation previously discussed and the results are given

in Table 16.

DATA REQUIREMENTS AND EXAMPLE PROBLEMS

The goal of this chapter is to provide simplified pro-
cedures to assist the user in developing ans\ilers related to
auto-occupancy in relatively rapid order. In the develop-
ment of auto-occupancy parameters, considerable care
was taken to minimize necessary data acquisition for ap-
plication and yet produce reasonable estimates. For ex-
ample, one procedure investigated that required trip-inter-
change density and zonal land-area measurements was

excluded because of the work necessitated in its applica-
tion.

Following are several example problems designed to
illustrate how the procedures developed can be employed
to provide reasonable estimates of auto occupancy given
limited information with which to work.

Problem /.' What are reasonable values for all-purpose
trip auto occupancy and HBW-trip auto occupancy in an

urbanized area of 275,000 population?

/

TABLE 15

AVERAGE DAILY AUTO-OCCUPANCY RATES (1976) BY
INCOME LEVEL OF TRIP-MAKER AND PARKING COST AT
TRIP DESTINATION

HBW TRIPS

Source: TransIÞrtation data from I'linneaPolis-St. PauI' HN.
and references (!1. 3i).

ADJUSTMENT FACToRS BY TRIP PURPoSEb

ONE-WAY
TRTP LENGTH

(MILES)
HBW

HB
Shop

HB
;oc . -Rec .

IIB
otlìer HBNIfC NHB

A1I

Less than I/2
I
2

3

4

5

6

7

8-10
11-15
L6-20
2I-30
31-40

4l and over

-0. 10

0

0

-0.10
-0.10

0

0

0

0

0

+0.10
+0.29
+0.10
+0. 19

-0.24
-0.16
-0.08

0

0

+0. 08

+0. 08

+0.16
+0.16
+0.39
+o,24
+o.47
+0.08
+0.39

-0.20
-0.27
-0.14
-0.04
-0.15
+0.06
+0.02
+0.05

-0. 04

-0.01
+0.08
+o.29
+0,2I
+0. 63

-0.08
-0. 03

+0.02
+0. 01

-0. 0r
+0.06

-0.09
+0.02
+0.10
+0. t0
+0.01
+0.03
+0.4L
+0.37

-0. 16

-0. t4
-0.06
-0.04
-0.15
+0.06
+0.02
+0.05

-0. 04

-0. 01

+0. 08

+0.29
+0.21
+0.63

-0. 08

-0. 03

+0.02
+0.01
-0. 01

+0.06

-0.08
+0.02
+0. 09

+0.09
+0. 01

+0.03
+0.39
+0-35

-0.08
0

+0.08
0

0

+0.08
0

+0. 08

0

0

0

+0. 16

+0.32
+0.55

tr{cot'tE LEVEL
OF TRIP-MÀKER

PÀRKING COST ÀT TRIP DESTINÀTION
v È,xl

I Or,l I flrt
LUI'I

ÂvFaÀÊF
ll ¡bH

¡VFPÂGF l{llìt{
VIRY
HIGI{

Very Hlgh I .09 I .09 ¡.t0 ì3 1.38 t.70

High I.t7 ì.17 1.20 23 t.52 t.88

High Average ¡.28 ¡.28 t.3ì 3¡ t.66 2.Os

Lou Average t .32 l -32 I .36 .40 l.7t 2.1 I

Low l.:18 ì.39 1.42 .46 1.80 2,21

Very Ld l.il4 l -46 1.49 53 1.89 2.32

HBNW TRIPS

INCOME LEVEL
OF.TRIP-À'AKER

PÀRKING COST AT TRIP DESTINATION
YÈKI
I Or,' lou

LUll
ÂVFRAGF

nllrn
ITI'FRÂGF lllGH

YÈKT
lilGll

Very High I .3t I .31 ¡.33 1.36 1.66 2.q5

righ 't.41 1.4ì I .4s 1.49 1.84 2.28

High Average t.54 .l.54
1.59 t.59 2.00 2.48

Low Average ì.60 I .60 1.64 ì.68 2.06 2.55

Low I .66 I .67 1.72 1.76 2.17 2.67

Very Lovr ì.74 I .76 1.79 1.85 ?.28 2.80
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TABLE 16

AVERAGE DAILY AUTO-OCCUPANCY RATES (1976) BY URBANIZED AREA POPULATION AND LAND USE AT
TRIP DESTINATION'

LAND-USE AT TRIP DESTINATION

URBANIZED AREA

POPUI,ATION
RESIDENTIAL COMMERCIÀI MANU-

FACTURING
TRÃNSPORTATION

FACITTTTES
PUBLTC

BUILDTNGS
OPEN
SPACE

50,000 - 100,00(

100,000 - 25o,oo(

250,000 - 750,00(

750,000 - 2,000,00(

1. 54

r. 56

1. 58

1. 61

1.39

r.42

r. 45

1 .49

1. 35

1. 34

1.33

7.32

1.30

1,31

r.31

r.32

r.72

L,72

L.73

r.73

1.84

1. B9

L.94

1. 98

a. Tle auto occuPancy-rates may vary by the location of the land-use, i..e, in the cBD, centralcity or suburb, and therefore, by parking costs and employÍent densitieé. The rateé *ãyalso vary by the level of service of transit provided ãnil-the existence of any ride-shaieprograms

Solutíon 1: Table 12 indicates that for an urbanized
area of 250,000 to 750,000 population, the auto-oc-
cupancy rates for total trips and HBW trips in L976 arc
1.50 and 1.35 persons per vehicle, respectively.

Problem 2.' A new shopping center is under construc-
tion in an urbanized area of 225,0OO population. It is
estimated that the center will generate 10,000 auto person-
trips per day, and that 18 percent of such trips will occur
during the period 8 pu to 9 pvt. How many vehicle
trips can be anticipated during this peak hour?

Solution 2: Table 12 indicates that the average auto
occupancy for the purpose of HB shopping in an urbanized
area of 225,0OO population is about 1.57. Table 13 in-
dicates that an adjustment factor of *0.24 should be
used during the period 8 pu to 9 pvr. The number of
vehicle trips to be anticipated is therefore, 994; i.e.,

Vehicle trps 8 evr to 9 pvr:
10,000 pglson-_trips X 0.18 _ ,nO

1.57 + O.24

Problem 3.' A new manufacturing plant is to be built
in a small community of 60,000. What is a reasonable
estimate of the auto occupancy of vehicles destined to this
facility?

Solution 3; Table 16 indicates that a value of 1.35 is a
reasonable auto-occupancy value to use for trips destined
to manufacturing facilities in small urban areas.

Usefulness of Regionally Developed Models

The application of the auto-occupancy estimating pro-
cedures developed through some example problems at-

tempts to demonstrate how the user can quickly calculate
reasonable values for auto-occupancy under varying condi-
tions knowing little more than the population of the
study area. It should be noted, however, that many prob-
lems facing urban planners are quite complex and require
more sophisticated estimating procedures than those out-
lined herein. One example would be the impact of an
exclusive car pool-bus lane on air quality-a problem that
requires an estimate of the shift of persons from the auto-
mobile to public transit, and from low- to high-occupancy
vehicles in a corridor as a result of a change in travel
time. In cases such as this, the usefulness of regionally
calibrated policy-sensitive models cannot be overstated.

In addition, regionally developed information can play
an important role in the refinement of the average na-
tionwide information presented herein. For example, a

simple table of auto-occupancy rates by trip purpose re-
flecting conditions specific to the user's study area could
be used in place of Table 12 rates as a more accurate
starting point in the estimation process. Other local in-
formation (if available), such as auto occupancy by time
of day, by land-use category, and the like, could also be

used to refine the tables developed herein. In summary, if
similar information is available for the user's study area
from the local regional planning organization, it should
be used. Lacking such information, however, the pro-
cedures documented herein can be applied to develop,
quickly and economically, reasonable answers to a diverse
set of questions relative to auto occupancy.

CHÄPTER SIX

TIME-OF-DAY CHARACTERISTICS

INTRODUCTION

The purpose of this chapter is to provide tables to allow
determination of hourly travel from estimates of total

daily travel. The material provided allows accomplishing

this task on either a trip basis or a facility basis. Other

information is included to estimate total automobile



vehicle travel if automobile trip estimates are available for
only internal area residents. Material is provided in this

chapter for both automobile travel and transit travel.

The data are also extremely useful in converting daily
work trips from census information to peak-hour all-pur-
pose trips. The techniques used for vehicle travel are

ãifferent from those used for transit time-of-day analysis

and, therefore, their respective discussions are independent.

Many of the procedures and methods included in this

user's guide are based on 24-ht conditions. For analysis

of particular highway facilities, transit services and other

related work, peak-hour or specific-hour demand estima-

tion is often required.
Studies for special time periods are generally required to

analyze system requirements' System extent is based on

loading, or sometimes overloading, during limited periods

-d ¿l-^ 1..-:-^ ¿L^,I^., +L^ --o1¡ ti-a narinrl 'Fhe carrse(Jl Lllllç uu¡¡l¡Ë, llrç u4t-!rrw Peq¡t !¡¡r¡e

of the critical demand usually is a summation of smaller

demands that are generally defined by purpose of trip'
For general highway traffic, the critical peak hour most

often occurs during the afternoon between 4 prvr and

6 prvr when people are returning from work, going shop-

ping, completing recreational trips, and the like. How-

èver, critical traffic movements may occur at other times,

particularly during the morning hours of peak com-

mutation.

BASIS FOR DEVELOPMENT

Time-of-day analyses are used for several types of
studies, and, since the introduction of Transportation
Systems Management (TSM) requirements, are becoming

a more critical part of the over-all transportation planning

process. Some examples of time-sensitive studies are:

o Traffic-Impact Studies. Analyses to determine the

impact a specific residential, commercial, or mixed develop-

ment has on the area transportation system.
o Trip-Accumulation Studies. Analyses usually done to

determine the peak accumulation of vehicles for parking

studies, taking into account the mix of trip Purposes
involved.

. Highway Volume/Capacity Studies. Evaluations using

peak factors (essentially the type of information provided

iater in this chapter) to determine peak-loading conditions

in vehicles per hour (VPH) for highway traffic assign-

ment and determination of capacity requirements'
. TSM Studies. Studies which specifically address

transportation solutions for the critical peak period, gen-

erally in the form of traffic engineering or operations im-
provements.

Transit use is highly oriented about the alr and pn't

peak periods with lesser amounts of travel at other times'

The differences between auto and transit use are most

visible during the evening hours when many trips are

made for social and shopping purposes. Compared to auto

trips, very few evening trips are made via transit' Also,

thã peak hour for transit travel probably will occur during

the ir'r peak period-caused by a concentrated arrival of
work trips-whereas the peak hour for auto-related trips

will occur during the pll peak period.
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There are also impacts on the transPortation system

from demands that are partially or totally unrelated to
residential or commercial development within the subject

study area. Those demands constitute trips def,ned as

internal-external and external-external trips. External
travel, or travel using the transportation network of a

study area but having neither an origin nor a destination

within the area, has been difficult to address in the

manua-l techniques provided in this user's guide. Pro-

cedures and factors to solve the problem are discussed

later in this chapter.
These procedures are based on observed vehicle-miles

of travel (VMT). VMT represents the product deter-

mined when a given trip is multiplied by its trip length

(distance) and, as such, is truly a measure of travel and

not a measure of the distribution of trips during a 24-hr
period. In reallife situations the trip length may vary'

within a given trip Purpose, over the 24-hr period. How-

ever, within the context of acceptable. transportation
planning procedures, such as trip-distribirtion modeling,

the VMT distribution can be used to approximate the

distribution of trips by trip purpose.

Figure 83 shows the relationship of external travel to

the internal auto driver travel for urbanized areas of
differing populations. The graph shows the ratio of total

vehicle travel to internal auto driver travel versus the

hour of day (36). It can be seen that the impact of
external travel diminishes as the urbanized area popula-

tion increases. This is a significant point. The demands

for local transportation system facilities is more dependent

on external travel for smaller urbanized areas than it is

for larger urbanized areas. The analyst should not over-

look the importance of external travel on determining

facility adequacy or requirements. There are, however,

many types of analysis where external travel can be

neglected.

Vehicle Travel

Time-of-day analysis will most probably be undertaken

at one of two points: (a) just after application of the

auto-occupancy procedures to isolate a market segment

for further analysis; or (b) after assignment of 24-hr

travel in preparation for a capacity analysis' The general

organization of the charts provided is by the four urban-

ized area population groups used consistently throughout

this user's guide. Each set of charts (by urbanized area

population) is further stratified to present data to:

¡ Analyze auto driver travel by trip purpose.
o Analyze total vehicle travel (including trucks)'
o Determine total vehicle travel (including trucks) by

time period or in aggregate from internal auto driver

trips.
. Determine trip volume by route type, by subregion,

and by orientation to study area core.
o Determine directional split of travel by route type'

by subregion, and by orientation to study area core'

The tables have been developed by sampling direc-

tional vehicle travel observations for urbanized areas

within each population group and averaging the weighted
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Fígure 83. Distríbutíon of total vehícle and internal auto driver trip ratios by time of day" (36) .

resulfs of distributions found for each study area. Data
from nine urbanized area transportation studies were
utilized in the preparation of these travel distributions by
time-of-day. The study areas (within each of the four
urbanized area population groups) are as follows:

Much of the information was obtained primarily from
the findings of An Analysis of Urban Travel by Time ol
Day, (36), which is the most current report available for
use in the preparation of this chapter.

A major problem in the preparation of many of the

BEGÏNNTNG HOUR OF DAY

travel-estimation procedures contained herein was the
handling of external travel. The time-of-day information
provides one technique to the user to address the external
travel issue. Another is found in Chapter Two, ..Trip-

Generation Estimation." It has been possible to develop a
relationship between the quantity of total travel (internal
plus external) and internal auto driver travel. The user
is.cautioned in using the charts for these purposes in that
the total vehicle factors represent average conditions and
the ratio of external to internal travel can vary con-
siderably from area to area. These characteristics are
dependent on many influences that are completely ex-
ternal to the study area.

Trans¡t Travel

A search of available information describing the dis-
tribution of transit travel by time-of-day has shown that
little variability exists between urbanized area population
and transit use, provided the area has bus transit service
for the full day. A full day comprises ¡lr and rv peaks,
base (midday) service, and evening service. A paradox
was also noted during the search-transit properties
collect a multitude of information by time-of-day and by

POP. GROUP URBANIZED AREA

50,000 to 100,000

100,000 to 250,000

250,000 to 750,000

750,000 to 2,000,000

Stockton, Calif.
Manchester, N. H.

Colorado Springs, Colo.
Fall River, Mass.

Louisville, Ky.
Oklahoma City, Okla.

Boston, Mass.
St. Louis, Mo.
Seattle, Wash.

I,EGEND: URBAIIIZED AREA
POPULATION

50,000 - 100,000

100,000 - 250 ,000
250 ,000 - 750 ,000

750,000 - 2,000,000

FOOTNOTES:

a. Total VMT includes VMT

tnrcks ¡

b. Horizontal l-ines repre-
sent (by urbanized area
population) the 24-hour
average volumeg.

6.AM 9AM



route for developing and adjusting schedules. Ilowever,
for the most part, the information is not summarized for
the system by time-of-day. Most summarization com-
pleted was found to be for special purposes such as transit
or transportation system studies (37, 38).

TIME-OF.DAY TABLES AND EXAMPLES OF USE

This section discusses the various time-of-day distribu-
tion tables and presents applicational examples. The tables
have been organized as follows with respect to the four
urbanized area population groups:

50,000 to 100,000 pop. Tables 17 tlvough 2l
100,000 to 250,000 pop. Tables 22 tfuough 26
250,000 to 750,000 pop. Tables 27 through 31
750,000 to 2,000,000 pop. Tables 32 through 36

The foiiowing <Íiscussion focuses on urbanize<i areas of
750,000 to 2,000,000 population (Tables 32 through 36
only).

Hourly Distribution of Internal Auto Driver Travel by Trip
Purpose (Table 32)

Data are provided for three trip purposes and for "all
purposes." The trip purposes-HBW, HBNW, and NHB

-are consistent with other procedural directions con-
tained in this user's guide. The user will find these factors
helpful for analyzing travel to special generators or for
assessing the impact of residential development by time
period. The user might employ the factors for developing
special-purpose trip tables such as peak-hour trip tables.

Hourly Distribution of lnternal Auto Dríver and Total Vehicle
Travel (Table 33)

The "Percent Internal Auto Drivers" factors in Table
33 are identical to the "All Purposes" factors in Table 32.
The second data column provides a distribution of total
vehicle activity (including trucks) for an average day.
The third data column relates total vehicle movement to
that of internal auto drivers. It is, at best, an approxima-
tion that should be used with caution, and at that, only
if the analyst has neither local information nor an area-
specific procedure for developing total vehicular move-
ment. The ratio might be used in the following type of
problem:

Given: The total internal auto driver travel along a

route within a corridor has been estimated
to be 20,000 trips per day.

Determine: l. The total vehicular travel along the route
between.noon and 1 pu.

2. The total vehicle average daily traffic
(ADT).

Solution: From Table 33:
Percent internal auto drivers
from 12 PM to 1 PM :4.O
Ratio of internal auto driver
to total vehicular travel :1.65
Percent total vehicle travel
from 12 PM to 1 PM :4.6

95

Internal auto driver travel
betrveen 12 p¡u and I pru :20,000

x 0.04
: 800 vehicles

Therefore vehicles between
12 ptvr and 1 prvr

Therefore total vehicle ADT

: 800 X 1.65
: l,320vehicles

_ 1,320
- 0.046
:28,696 vehicles

Note: If the user had elected to determine ADT using a
daily factor of 1.44, the result would have been ADT:
28,800. (Error owing to rounding of factors.)

Hourly Distribution of Total Travel by Facility Type (Tables
34 through 36).

The remaining three tables (for each urbanized area
population group) describe, for an average day, the travel
distributions expected to occur on three types or functional
classes of facilities. The total travel includes internal-
internal, internal-external, external-external, and trucks.
The classes of facilities are:

o Expressways/Freeways.
o Arterials.
o Collectors.

The tables further specify the characteristics of travel
by time-of-day according to location (i.e., subregions)
within the study region and orientation to the core area.
The tables recognize a trilevel stratification of the urbanized
area-central business district (CBD), central city, and
suburb-which corresponds to the geographic notation
used in Chapter Three, "Trip Distribution," and throughout
this user's guide. The percent ADT values have been
rounded to the nearest Vz of one percent and the percent
directional split (DIR SPLT) has been rounded to the
nearest two percent.

The tables also recognize that facility orientation can
impact the daily distribution of travel. Primarily, the
impact is caused by a difference in intensity of use during
the peak periods. Facilities transverse to the radial direc-
tion of flow are likely to experience a smaller proportion of
total daily traffic during the peak periods than facilities
oriented in the major flow directions. The user should note
that, in some cases, the directional split of traffic is greater
for crosstown travel than for radial traffic flows. This is
partially because of the characteristics of the urbanized
areas sampled, and because certain major crosstown facili-
ties function as collectors for urban radial freeways. It
should be noted also that it is not always appropriate to
have a segregation of facility orientation by subregion.
Tables 34 through 36 and others show a single category,
"All Orientations," for facilities within the CBD. Once the
major attraction area has been reached, all directions be-
come "radial" travel.

Within the body of each table, two types of information
are presented:

o Distribution of travel by hour-of-day (percent ADT).
r Directional split of travel by hour-of-day (DIR SPLT).
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TABLE 17

HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER
TRAVEL BY TRIP PURPOSES: URBANIZED AREA
POPULATION, 50,000-100,000

PERqENT 1RÀVEL -------IT-

TABLE 18

HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER
AND TOTAL VEHICLE TRAVEL: URBANIZED AREA
POPULATION, 50,000-1 00,000'

rcrsclL ru
Internal Total VehicLes Total Vehicles To

Àuto Drivers (INT + EXT) INT Auto Drivers
Hour ry
24-L 0.4

HBNW

o.7

0.3

0.0

0.1

0.0

0.5

2.0

5.9

3.4

3.0

4.4

4.4

NHB,

o.7

0.2

0.0

0.0

0.I

0.4

1.5

6.6

4.0

3.6

5.6

6.3

Hour

24-L

r-2
2-3

3-4

4-5

0.'l

0.2

0.0

0.t
0.1

1.0

3.2

8.9

4.9

3.2

3.9

4-l

o.7

0.3

0.2

0.2

o.2

1.1

4.0

9.2

5.8

4.5

4.9

2.25

3.08

3.12

3.63

3.93

2.29

2.63

2. r3

2.49

2.95

2.7 2

2.50

'L-2

2-3

3-4

4-5

5-6

6-7

7-8

8-9

9-1 0

1O-II

11-r2

o.2

0.0

o.2

0.4

2.7

7.9

L9.2

3.0

0.7

0.6

Purposes

0.7

0.2

0.0

0.r
0. I 5-6

1.0

3.2

8.9

4.1

3.2

3.9

4.I

6-7

7-8

8-9

9-10

IO- 1I

t1-12

I2-l_ 3

l3-t 4

t4-r5

I 5-r6

L6-L7

L7-1 8

18-t9

L9-20

20-2r

2L-22

22-23

23-24

2.L

2.O

3.8

.6.3

13.7

L2.4

3.7

2.3

r.6

3.0

2.8

L.9

100.0

4.0

4.8

4.2

6.2

8.1

8.0

8.5

11. 2

7.9

6.0

3.9

2.5

100.0

L0.2

7.2

Âq

8.0

8,0

6.2

4.7

6.3

5.8

3.9

2.4

r.5
100. 0

5.2

4.8

4,9

6.7

9.3

8.5

6.4

7.9

5.9

4.8

3.2

2.t
t00.0

1 2-13

r3-14

14-15

15- 16

16-17

17- 18

r 8-19

r9- 20

20-2L

,1 -14

ta-a1

23-24

5.2

4.8

4.9

6.7

9.3

8.5

6.4

7.9

5.9

4.8

2.t

5.4

5.7

5.2

6.4

oo

7.7

5.8

6.1

4.5

3.8

2.7

r.8

2. t2

2.47

2.2L

r.98

1. 87

r.86

1.60
1.59

r. b5

t.7 4

r.8 2

L.82

a. ùouce : Aererence (:!J and nrne uþmrzed area studaes.
b. Reprèsents weighted average for determining ÀDT total Wt tión

total internal auto driver traveL.Source: Reference (]Q, ana nine urbanized area studies.

The first type is similar to that of previous tables
describing distribution of travel by time-of-day. The
second directional split is necessary for investigating vol-
ume/capacity conditions for specified time periods on a
facility. Directional split in the context of these procedures
is defined as the percentage of hourly traffic occurring in
the direction associated with the major flow of the morning
peak period. Normally, the major morning flow is oriented
toward the CBD.

Use of these tables is demonstrated by the following
problem:

Given: An arterial roadway, defined as being within
the central city subregion of an urbanized
area of 1,000,000 population, has an ADT
of 25,000 vehicles. The facility is oriented
radially to the CBD.

Determine: The amount of traffic expected between 5
prvr and 6 pvr in the prvr peak direction.

Solution: From Table 35:
Percent travel between 5

100. 0 100 .0

pvr and 6 prrr

Directional split
: 8.tVo
:36.O%

Total traffic between 5 pvr

and 6 pvr :25,000 X 0.08

- o,J00
Percent travel in rvr peak
direction :100- 36

:647o
Therefore traffic during 5

PM to 6 PM (1700-1800
hr) in peak direction : 

?,900 
X 0.64

',280 vehicles

A! this point, the user could proceed with a capacity
analysis of the arterial for the specified hour knowing the
predicted volume of the facility is 1,280 vehicles.

Transit Hourly Distributions

Most analyses of time-of-day distribution of transit
volumes center about a peak period or specific segments
of the peak period. It is, of course, the peak-period volume
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TABLE 19 TABLE 21

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON HOURLY DISTRIBUTION OF TOTAL TRAVEL ON
EXPRESSWAYS/FREEWAYS: URBAMZED AREA COLLECTORS: URBANIZED AREA POPULATION,
popuLATIoN, 50,000-100,000 ^ 50,000-100.000 "

H

o

U

R

DISTRTBUTION E ORIENTÀTION BY ST'BREGION H

o

U

R

CBD & Central City suburb

Ratlial X-Tom
À11

frientations

g ÀDT
DIR
SPLT S ÀDT

DIR
spl,tl T ADT

DIR
splt b

24-L
r-2
2-3
3-4
4-5
5-6
6-7
7-g
8-9
9-10

i-0-ii
1t- t

1.0
0.5
0.5
0.5
0.5
2,5
5.5
7.0
5.5
5.5
5.5

26
28
34
38
54
62
60
56
56
50
48

1.5
r.0
1.0
1.0
1.0
2.O
4,0
7.0
5.0
5.0
5.5

48
46
46
44
44
48
52
62
48
46
48

r.5
1.0
0,5
0.5
0.5
1.5
3.5
6.5
5.0
5.0
5.0

60
56
52
54
34
24
26
40
52
58
62
Àt

24
I
2
3
4
5
6
7
I
9

i0
t1

I2- I3
13-14
t4-15
15-16
16-17
17-18
l8-r.9
L9-20
20-2r
2I-22
22-23
23-24

5.0
5.5
6.0
6.5
8.5
7.0
6.0
4.5
3.5
3.0
2.5
tî

50
54
54
56
40
40
42
44
48
4A
46

5.5
5.0
5.5
7.0
7.5
7.0
5.5
4.5
4.0
3.5
3.0
2.5

48
48
48
46
42
38
44
42
44
46
50
52

5.0
6.5
6.5't.o
8.0
8.5
7.O
5,0
3.5
3.0
2,5
2.O

)b
56
54
54
50
50
36
40
42
46
44
54

13
14
15
I6
L7
t8
19
20
2L
22
23

H

0

u

DISTRIBUTIO|I & ORIENTATION 8Y SUBREGION
H

0

U

e

Cêntrâl Cilv Silh"rh

Áll OriFntâtiôñq I ôF{ôñ+5+i^nc

I ÀDT qorr b X ADT qprtb

24-1
1-2
2-3
3-4
4-5
5-6
6-7
7-S
8-9
9-lc

ì0-ì ì
t _1t

0,5
c.5
0.0
0.0
0.0
0.5
It
7,O
2.5
1.5
ì.0

40
34
42
54
66
78
70

52
52

ì.0
'l.0
1.0
0.5'l.0
2.0
3.0
6.0
4.5
4,0
5.0

52
48
46

42
46
60
70
56
56
62

24
I
2
3
4
5
6
7
E

9
l0

l3-t4
l4-15
'¡5-t6
i6-t7
't7-t8
l8-19
't9-2C

20-21
2t-22
22-23
23-24

2.0
4.5

t s.5
20.0
t3.0

ìt.o
4.0
t.5
t.5
NE

52
38
34
46
46

48
46
52
56
40

6.0
6.5
7.0
9.0
8.5
6.5
5.5
4.0

2.5

46
44
48
46
40
48
44
42
42
46
52

t3
l4
ì5
't6

17
l8
ì9
20
21
22
23

IUU. U

a. Source: Reference q36¡ and nine urbanlzed area studles.ô. * in a.n. Deak direction.

a. Source3 Refe-rence (3Ð æd nÍne urbanized area studies.
b. g in a.m. peak direction.

TABLE 20

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON ARTERIALS: URBANIZED AREA
POPULATION, 50,000-100,000 "

H

o

U

R

NTq¡NPTEITTIT|TÔN Ê ôRTENTÀTTON BY SUBREGION H

o

U

R

CBD Centra City Suburb

AlI
orientaÈions RadiaI X-Toqrn Radial X-Town

I ADT
DIR
SPLT b T ÀDT

DIR
SPLÎ Þ T ADT

DIR
SPtTb T ADT

DIR
SPLT b T ÀDT

DIR
JPLT'b

24-r
t-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-r0

10-tr
t 1-1'

1.0
0.5
0.5
0.5
0.5
1.0
2.5
6.0
6.0
7.0
6.0Á^

50
50
50

54
58
60
62
64
60
54
RÁ

1.0
0.5
0.5
0.0
0.5
1.0
3.5
7.O
4.5
4.5
4.5
<n

50
5.2
54
50
56
58
58
58
56
54
52
(ft

r.0
0.5
0.5
0.0
0.0
1.0
3.0
6.5
4.0
4.0
4.5

46
42
34
56
58
62
58
60
54
50
48
^a

1.0
0.5
0.5
0.5
0.5
1.0
3.5
6.5
4.5
4.5
5.0
RA

54
60
52
52
52
52
56
56
54
52
50
FA

1.0
0.5
0.5
0.0
0.5
1.0
3.5
8.0
5.0
4.5
5.0
RA

56
66
62
52
46
44
66
54
50
44
48
Ê2

24
T
2
3
4
5
6
7
I
9

10
tt

12- 13
13-14
r4-1 5
r5- 16
T6-L7
r7- 18
I 8-19
L9-20
20-2t
2L-22
22-23
23-24

6.0
6.0
6.5
6.5
6.5
6.0
5.5
5.5
4.5
4.5
3.5)(r

56
52
52
50
44
42
50
52
48
46
50
50

5.5
5.5
6.0
6.5
8.0
7.5
7.0
6.0
5.0
4.5
3.5
)q

50
50
50
46
48
46
50
50
48
44
48
48

5.5
5.5
6.0
7.0
8.5
7.5
7.0
7.5
6.0
4.5
3.0
2.O

48
50
48
46
44
44
50
50
46
48
52
46

6.0
6.0
6.0
6.0
8.0
7.5
6.5
6.0
5.0
4.0
3.5
2-5

52
52
50
48
46
46
52
54
50
50
50
52

5.0
5.5
6.0
7.0
9.0
7.5
6.5
5.5
4.5
4.0
3.0
2.O

5U
44
48
52
50
46
46
54
44
50
56
58

L¿
T3
I4
I5
16
T7
18
19
20
2!
22
23

rUU.U 100.0 IUU. O r00.0 IUU.U

a. Source: Reference (36) and nine urbanized area studies.
b: t in a.m. peak diiecdon.



TABLE 23

HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER
AND TOTAL VEHICLE TRAVEL: URBANIZED AREA
POPULATTON, I 00,000-250,000

Hour

24-L

L-2

2-3

3-4

4-5

5-6

6-7

7-8

8-9

9-t0

IO-I I

LL-L2

Percent Percent Ratio Of
rnternal Total vehicles Tota1 vehicles To

Auto Drivers (INT + ExT) INT Âuto Drivers

o.s t.o 1.sq

0.4 0.6 2.60

o.2 0.4 3,4I

0.1 0.3 4.39

0.4 0.5 2.81

r.0 t. I 2.35

4.3 3.9 L.76

8.2 6.9 1.63

4.6 5.4 2.2',1 -

4.1 4,8 2.3L

4.7 5.3 2.22

4.9 5.7 2.22

P
I

I
fi'
4

12-l 3

13-r4

r4-1 5

15-r6

t5-17

I7-I 8

t8-19

19-20

20-2L

2L-22

22-23

23-24

{

t

6.3 6,2 r.90

5.4 5.8 2.08

5.8 6.2 2.07

7.2 7.2 r.93

9 .9 9 .4 r.84

9.5 9.0 r.83

5.7 5.8 r.97

5.4 4.9 L.76

4.r 3.3 r.57

3.0 2.6 1.65

2.2 2.L 1.80

1.8 1.6 L,7 4

1ôô ^ lôn n t orb

TABLE 22

HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER
TRAVEL BY TRIP PURPOSE: URBANIZED AREA
POPULATION, 100,000-250,000

24-L 0.8 0,9 0.5 0.8

L-2 0.4 0.5 0.2 0.4

2-3 0.3 0.2 0.2 0.2

3-4 0.2 0.r 0.1 o.L

4-5 0.9 0.I 0.1 0.4

5-6 2.5 0. 3 0 .2 1.0

6-7 II.7 L.2 0 . 6 4. 3

7-8 19.5 3.5 2.7 A.2

8-9 6.9 3.7 3.2 4.6

9-I0 2.5 4.5 5.3 4.1-

r0-II I.1 5.6 7.7 4,7

LL-t2 1.3 5.8 8.3 4.9

a. source: Reference (36) and nine urbanized area studies.
b. Represents weighted average for determining ADT total vÀfT fron

total internal auto driver travel.

ìt

t2-13 2.8 5.8 L2.4 6.3

13-14 I. I 6 .0 9. 3 5.4

r4-rs 2.9 6.4 8.9 5.8

15-16 6.2 7.2 8.8 7.2

16-17 13. 9 7 .8 I .7 9. 9

17-18 L2.8 8.9 6.2 9.5

18-19 3 .8 7 .9 3.4 5.7

19-20 2-O 7.9 4.7 5.4

20-2L I.3 6. I 3.7 4.L

2t-22 t.4 4.4 2.L 3.0

22-23 1.4 3.0 1.6 2.2

23-24 L.7 2.2 1.r 1.8

\o
00

Source: Reference (5) and nine urbanized area studies.
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TABLE 24

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON EXPRESSWAYS/FREEWAYS:
URBANIZED AREA POPULATION, IOO,OOO-25O,OOO'

a. Source: Reference ee and nine urbanized area studies.b. t in a.m. peak direcÉon.
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HOURLY DISTRIBUTION OF TOTAL TRAVEL ON ARTERIALS: URBANIZED AREA
POPULATION, I 00,000-250,000
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TABLE 26

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON
COLLECTORS: URBANIZED AREA POPULATION,
100,000-250,000

that dictates the required size of the transit fleet. It is for
these reasons-which reflect the analytical trend of the
transit industry-that the following approach for transit
time-of-day analysis has been taken.

Figure 84 shows graphically the primary time periods

and their relationship to annual average weekday (AA'WD)
patronage. The four periods are:

c Annual average weekday. Total transit patronage

expected to occur on an average weekday.
o Peak-period trips. The sum of transit patronage ex-

pected for the two morning peak hours and the two eve-

ning peak hours.
o Peak hour. The peak 60 min of transit patronage for

the day; this peak usually occurs from 8 ,aM to 9 au in the

morning.
o Peak hour-peak directíon. The transit patronage

anticipated in the direction of peak flow during the peak

hour.

Table 37 gives factors for deriving ridership estimates

for each or any of the foregoing time periods if patronage

for any one of the time periods is known. The table
quantifies the graphic relationships shown in Figure 84.

The user should keep in mind the factors are to be applied

to all-purpose transit trips and not to trips by purpose. It
was previously discussed, however, in Chapter Four,
"Mode-Choice Analysis," that it is possible to approximate
total transit patronage as a percentage of HBW trips. The
assumption is: transit HBW trips equal the level of
patronage anticipated for the combined peak periods or,
50 percent of the AAWD patronage.

The following examples demonstrate the use of Table 37.
The first example is as follows:

Given: A corridor has an estimated transit patron-
age of 20,000 total person-trips per AAWD.

Determine: 1. Volume of trips occurring during the
peak hour.

2. Volume of trips occurring in the peak
direction of the peak hour.

Solution: From Table 37:

Conversion factor from AAWD to peak
hour: 0.17
Conversion factor from peak hour to peak

hr, Peak dir. : 0.82
Peak hr: (AAWD) X 0.17
Therefore peak hr: 20,000 X 0.17 : 3,400
trips
Peak hr, peak dir. - (Peak hr) X 0.82
Peak hr, peak dir.: 3,400 X 0.82
Therefore peak hr, peak dir.:2,788 trips

Note: lf the user had chosen AAWD to determine the

"peak hour, peak direction," the conversion factor would
have been 0.14 and the answer would equal 2,800 trips.
(Error due to rounding of factors.)

The second example is as follows:

Given: A planner has determined the universe of
HBW trips made by transit for a corridor to
be 5,600 per AAWD. The corridor has

transit service throughout the day.
Determine: 1. The total volume of transit trips in the

corridor for an AAWD.
2. 'îhe volume of trips occurring during the

peak hour.
Solution: Assume transit HBW trips : combined

peak-period volumes.
From Table 37:

Conversion factor from combined peak-
period volume to AAWD:2.00
Conversion factor from combined peak-
period volume to peak hr: 0.34
AAWD - (Combined peak-period volume)
x 2.00

Therefore AAWD: 11,200 trips
Peak hr - (Combined peak-period volume)
x 0'34
Peak hr: 5,600 X 0.34
Therefore peak hr: 1,904 trips

Trip Matrix Gonversion Factors

It is conceivable the user may be required to perform an

analysis within a period of time so brief that a full analysis

of all trip purposes-HBw, HBNW, NHB-is not prac-
tical. For example, the user may wish to know the con-

sequences of total trip movement within a major travel
corridor and only have time to generate a trip matrix
describing the HBW trip purpose. For this reason' Tables

.l
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a. Sourcc: Reference-(!!!) and nine urbanized area studies.
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HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER
TRAVEL BY TRIP PURPOSE: URBANIZED AREA
POPULATION, 250,000-750,000
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TABLE 28

HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER
AND TOTAL VEHICLE TRAVEL: URBANIZED AREA
POPULATION, 250,000-750,000

Percent Ratio OfPERCENT TRÀVEL

Hour HBW HBNW NHB Purposes

Internal Total Vehicles Total Vehicles 1o
f{ôrrr Àutô Drivers IINT + EXTI INT Àrrtô Drìvêrs
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source: Reference (36) and nine wbæized area studies. a. source: Reference (36) ad nine ubanized area sÈudies.
b. Represents weighted ãîerage for determining ÀDT total vMT frcm

tolal internal auto driver travel.

be 46.6 percent of 'þeak-hour total travel" [i.e., (100
-i-2.148) percent of "peak-hour total travel"l. The user
should keep in mind that the HBW travel peak hour
generally occurs during the morning peak period whereas
the total travel peak hour generally occurs during the
evening peak period. Thus, the result is intended to yield
the true peak volume occurring during a 24-hrr period. The
definitions of the time periods contained in Tables 38
through 45 are as follows:

1. Totøl travel. The sum of internal travel for all pur-
poses (i.e., HBW, HBN'W, NHB) occurring during an
analysis day.

2. Total work travel. The total travel for the HBÌW
purpose estimated to occur during an analysis day.

3. Combined peak-períod total *avel. Travel, for all
purposes, which occurs during the two arvr peak hours and
the two rrvr peak hours.

4. Peak-hour total travel. Travel, for all purposes,

38 through 45 have been provided herein to permit a quick
application of generalized factors, by urbanized area
population, to the work trips to produce total trips or total
trips for a designated time period.

The tables are organized into two sets of four tables, with
each of the tables corresponding to one of the four urban-
ized area population groups. The sets are as follows:

o Tables 38 through 4l-"Conversion Factors for
Critical Periods of Internal Person-Travel."

o Tables 42 through 45-"Conversion Factors for
Critical Periods of Internal Auto Driver Travel."

The tables cross-relate total travel and HBW travel by
time periods most used for travel analysis. The analyst
should be cognizant of the definition of each time period
and of inherent subtleties contained in the tables. For
example, Table 41 (for urbanized area population 750,000
to 2,000,000) describes the "peak-hour work travel', to
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TABLE 29

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON EXPRESSWAYS/FREEWAYS:
URBANIZED AREA POPULATION, 25O,OOO-75O,OOO

urbanized area studies.

TABLE 30

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON ARTERIALS: URBANIZED
REA POPU
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a. Source: Reference (36) and nine
b. % in a.m. peak directìon.
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a. Source:. Reference (36) and nine urbanized aria sfudiäs.b. iú in a.n. peak direclion.



TABLE 32

HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER
TRAVEL BY TRIP PURPOSE: URBANIZED AREA
POPULATION, 750,000-2,000,000

24-r L.4 1.5 0.6 1.3

r-2 0.6 0.6 0.3 0.6

2-3 0.4 0.3 0.1 0.3

3-4 0.3 0.1 0. I o.2

4-5 0.4 0. I 0.1 0.2

s-6 1,5 0.1 0.1 0.7

6-7 9.I 0.9 0.4 4.5

7-8 20.4 2.7 L,4 10.4

s-9 10.8 3.5 2.6 6.6

9-r0 2.6 4.3 5.0 3.7

l-o-Lr l. 1 5. r 7 .7 3. I

11-12 0.9 5.0 8.7 3.9

í4,.- TABLE 31

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON COLLECTORS: URBANIZED
AREA POPULATION, 25O,OOO-75O,OOO

12-13 1.3 4.5 10.0 4-0

13-14 1.1 5.2 9.2 4 ' I

14-15 2.4 5.7 9.1 4. 8

15-16 5.4 6.4 9.5 6.5

16-17 r3.0 7.o 9.8 r0.2

17-18 14.6 7.2 7.3 10.5

18-19 s.l 8.2 4.0 6.r

19-20 1. S 9.9 4.4 s.3

20-2L L.2 7.3 4.3 4-0

2L-22 1.4 6.1 2.7 3.4

22-23 l. 5 4. I 1. 5 2.7

23-24 L.? 3.5 1. I 2.2

IOO. O 100. 0 100 .0 100. 0

source: Reference (36) and nine Ebilized area studies.

H

0

U

0

24-1
1-2
2-3
3-4
4-5
5-6
5-7
7-8
8-9
9-lc

t0-ll
t t-12

Àl I Orianf¡finnc

nRn

DISTRIBUTION & ORIENTATION BY SUBREGION

ADT

l.c
c.5
0.5
c.5
c.5
1.5
5.5
8.5
6.0
5.5
5.5

UIK
SPLT'D

z- t3
3-t 4
4-1 5

5- 16
6-17
7- 18
8- 19
t?-?0
l0- 2t
tl-22
l2-23
t3-?4

44
33
JJ
50
62
72
68
66
53
54
50
,c

Ccnfr^al Citv

Â11 ñr¡{an+r+{anc

% ADT

b.u
6.5
7.5
s.0
7.5
5.5
3.5
4.C
3.5
2.C
2.q,^

'I .5
0.5
0.5
0.5
0.5
1.5
4.5
6.5
5.0
4.5
4.5
Ãn

UIK
SPLT Þ

4U
56
56
50
3A
40
ß
4tì
56
62
56
50

44
50
46
Eâ

74
80
76
66
64
66
62
Ãa

a.Source:
b. % in a.n.

Àll ô¡lan+¡fianc

Qrhr¡h

IOU.U

q 
^nT

5.5
5.5
6.0
7.5
8.5
7.5
6.0
5.5
4.5
4.0
?.5,î

Reference (36) and nine urbanized area studies.
peak di recti-on.

1.0
0.5
0.5
0.5
0.5
2.0
5.5
6.5
4.5
4.0
4.5
Ân

H

0

U

Þ
UIK
cor r'b

DO

58
53
56
i2
50
54
56
56
58
58
52

46
50
76
70
B6
89
s4
74
56
60
52
Êu

IUU.U

24

I
2
3
4
5
6
7
a
9

t0
tt

5,5
5.5
6.C
7.5
8.0
8.0
6.5
5.5
4.5
3.5
2.5)^

40
52
54
40
34
32
46
50
5C
44
46
48

12
t3
l4
15
l6
17
l8
't9

?0
21
22
23

t0u. ,J

(¿)



TABLE 34

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON EXPRESSWAYS/FREEWAYS:
URBANTZED AREA POPULATION, 75O,OOO.2,OOO,OOO

H

0

U

R

DISTRIBUTION & ORIENTATION BY SUBREGION

ciq | ,"ntral City I sr¡u"¡

^11 ^-¡^-+â+t^-.

24-1
1-2
?-3
3-4
4-5
5-6
6-7
7-8
8-9
9-t0

l0-t l
tl-12

q ÀnT

1.5
I.0
0.5
c.5
1.5
3.5
6.0
9.5
5.5
3.5
3.5
4.0

UIK
sprrb

46
50
52
54
56
58
54
58
54
50
46

^Ã

Dã¡ i .1

I Àt'rT

t¿-tJ
l3-ì4
t4-15
1s-'t6
I6-t7
'I 7-'t8
l8-19
1 9-20
20-21
2't-22
22-23
23-24

1.5
t.0
0.5
0.5
0.5
'I .5
5.5
9.0
7.0
5.0
4.5
4_5

ulR
cpirP

46
50
52
54
56
58
54
58
54
50
46
46

ç.c
4.0
5.5
7.5
9.5
7.0
5.0
4.5
4.0
3.5
3.0
tÊ

X-Town

i\'1,

0l Ànt

.lu
44
46
40
34
36
44
48
50
48
48
48

.l.5

1.0
0.5
0.5
1.0
2.0
5.0
8.0
6.5
5.0
4.5
4.5

UtK
corrb

44
46
42
50
60
60
64
62
60
56
54
52

T.9
5.5
5.5
7.2
8.5
7.5
5.5
4.0
3.0
3.0
3.C
,tl

a. Source: Reference (36) and nine urbanized area sùudies.
b. % in a.m. oeak directiori.

P¡¡li¡ì

q ÂnÎ

I UU.U

+U
44
46
40
34
36
44
48
50
48
48
48

1,5
ì.0
0.5
0.5
t.0
2,0
5.5
8.5
6.0
4.5
4.5
4.5

utK
cot rb

44
44
46
46
50
60
7?
76
68
54
52
50

o.u
5.0
6.0
7.0
8.5
7.5
5.5
4.0
3.5
3.5
2.5
2î

% ANT

TABLE 33

HOURLY DISTRIBUTION OF INTERNAL AUTO DRIVER AND
TOTAL VEHICLE TRAVEL: URBANIZED AREA POPULA-
TroN, 750,000-2,000,000

tu0.0

2.0
t.5
0.5
0.5
c.5
t.0
5.5't0.0
6.0
4.5
4.0
4.0

J'
52
52
48
44
42
48
50
46
44
46
42

H

0

U

P
UIK
SPLT b

50
4A
44
48
52
64
64
s6
54
54
52
50

+.c
4.5
5.0
7.0
9.0
8.0
5.5
4.5
3.5
3.0
3.0
2^

¡UU.U

Hour

24-L

L-2

2-3

3-4

4-5

5-6

6-7

7-g

8-9

9-r0

r0-11

11-t 2

2A
1

2
3
4
5
6

8
9

t0

+ó
52
50
54
46
36
38
46
50
46
44
48

4.0
4.5
7.5

10.0
9.0
5.5
4.5
3.5
3.0
2.5)^

Percent
Internal

Auto Drivers

1.3

0.6

0.3

o.2

0.2

o.7

4.5

10. 4

6.6

3.7

3.8

3.9

IUU.U

ÐU

50
54
50
46
42
48
4B
50
50
50
50

12
13
l4
l5
16
t7
18
t9
20
21
22
?3

Percent
Total Vehicles

(rNT + EXT)

1.2

0.6

0.4

o.2

0.3

0.9

4.2

9.0

6.5

4.5

4.8

4.8

IUU,U

t2-13

l- 3-t4

I 4-15

1s-¡,6

I6-17

t7-18

18-19

t9- 20

20-2L

2L-22

22-23

23-24

Ratio Of
Total Veiricles To
INT Àuto Drivers

1. 35

r. s5

1. 80

2 -08

2.09

r.7 6

1.36

l. 25

L.42

r.77

r.a1

l. 8r

s

4,0

4.1

4.8

6.5

LO.2

I0.5

6.I

5.3

4.0

3.4

2.7

4.6

4-9

5.4

6.8

9.7

9.5

5.7

4.8

a.
u.

source : Reference . (@- and nine urbmlzed area studies .
Represents weighted average for determining ÀDT total \¡¡{T fro[i
total internal auto driver travel.

2.2 2.O 1.28

100.0 loo.o r ¿¿b

1.65

1.7I

L.62

1.5 0

L.37

1. 3r

L.37

t-3t
3.7 1.3r

3.1 1.30

2.4 L.27
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TABLE 35

HOURLY DISTRIBUTION OF TOTAL TRAVEL ON ARTERIALS: URBANIZED AREA
POPULATION, 750,000-2,000,000

H

0

U

p

DISTRIBUTIOI$ & ORIENTATION BY SUBREGION H

0

U

R

CBD Centr¡ I Citv Suburb

I Orientation Radial X-Town Radi al X-Town

% ADT SPLTb g ADT
UIK
SPLT.D % ADT

utn
SPLT D g ADT

UIK
SPLTÞ % ADT

ulR
SPLTP

?4-1
't-2
2-3
3-4
4-5
5-6
6-7
7-8
ð-v
9- 10

t0-1 1

11- t

1.5
'I .0
0.5
0.5
1.0
2.0
4.0
9.0
t.u
5.C
5.5
6n

46
46
44
42
54
5B
60
64
oo
60
54
q4

.l.5

1.0
0.5
0.5
0.5
1.5
5.C
8.5
o.5
4.5
5.0çn

46
48
48
50
56
62
63
68
oo
5B
54
E'

t.5
1.0
0.5
c.5
0.5
'I .5
5.0
8.5
o.3
4.5
4.0
rtE

40
44
48
42
54
64
68
74
J¿+

54
54
¿a

'I .5
'I ,0
c.5
0.5
0.5
2.0
5.5
8.0
c. c
4.5
4.5
tl (

44
40
44
50
53
66
72
70
oa
56
52
Et

t.5.l.0

0.5
0.5
0.5
1.0
3.5
7.5
o.u
4.5
5.0
cn

44
42
44
50
54
60
64
60
f,o
52
52
tn

?4
'I

2
3
4

6
7
õ
9

l0
11

t2-13
t3-14
t4-t 5
l5- 16
t6-t 7
I 7-18
't8-'t 9
19-20
20-?1
?1-22
2?-23
23-24

5.5
5.5
6.0
6.5
9.5
7.C
4.5
3.5
2.5
2.5
2.0
)tr

5U

50
48
46
42
38
44
46
46
46
44
46

5.U
5.0
5.5
6.5
9.0
8.0
5.0
4.0
3.5
3.0
3.0
9ç,

J¿
52
50
48
40
36
46
52
48
48
4A
48

5.0
5.0
5.5
7.0
9.0
8.0
5.5
4.5
3.5
3.5
3.0
)t\

5U
52
56
52
36
42
50

54
52
4tì
52
46

4.5
5.0
5.5
6.5
9.5
8.5
6.0
4.5
3.5
3.5
2.5
,tl

50
52
52
48
42
36
14
50
48
48
48
46

5.C
5.C
5.5
7.0
8.5
7.5
6.0
5.5
4.5
4.0
3.C
2^

50
50
50
48
44
42
46
4fl
48
46
50
5C

12
13
t4
l5
'16

17
l8
'19

20
21
22
23

I U0.0 1 00.0 100.0 IUU.U IUU. U

a. Source: Reference (!q) and nine urbanized area studies'
b. % ìn a.m. peak direction.

TABLE 36

HOURLY DISTRIBUTTON OF TOTAL TRAVEL ON COLLECTORS: URBANIZED
AREA POPULATION, 75O,OOO.2,OOO,OOO

H

0

U

p

DISTRIBUTI0T'I & ORIENTATI0N BY SUBREGION
H

0

U

R

CBD Central City Suburb

Al ì Orientations Ir'l l fìrl an+¡f .l Al I lìniontatinnc

% ADT
ulx .
çDttu fl AtìT

UTÍ L

SPLTU r. ATT
UIX .

SPLTD

24-l
1-2
2-3
3-4
4-5
5-6
6-7
7-8
o.,
9- l0

t0-il
I 2

1.5
1.0
c.5
0.5
1.0
?.5
4.5

t0. 5
7-5
5.5
5.5
Án

46
46
52
54
60
64
6B
62
60
58
5ô
EA

2.0
t.0
0.5
0.5
1.0
t.5
4.0
8.5
6.0
4.5
4.5
¿E

46
48
50
50
54
58
62
64
62
56
52
60

'I .5
0.5
0.5
0.0
0.5
'I .0
3.5
8.0
7.0
4.5
4.5
Ãn

52
5C

46
5C
58
70
72
68
56
52
52
t¿

24
I
2
3
4
5
6
7
Ò

9
l0
lt

12-t3
't 3-l4
t4-15't5-t6
t6-l7
l7- 18
t8-19
I 9-20
20-2t
21-2?
22-?3
23-24

5.0
5.0
5.5
6.5
9.0
7.5
4.5
3.0
2.5
2.0
t.5
1i

54
5?
54
50
40
34
ß
48
46
46
46
t14

5.U
4.5
5.0
6.5

t 0.5
9.5
5.0
4.5
3.0
3.0
?.5
tÈ.

5U
50
46
44
36
34
42
50
44
44
46
4A

J.U
5.0
5.5
6.5
9.5
9.0
6.0
5.C
4.0
3.C
3.C
2.0

CU

54
54
43
38
40
50
43
50
50
52
50

t¿
l3
14
15
16
17
't3
'19

20
21
22
23

t00.1 IUI', . U lcc.c

a. Source: Reference (36) and nine urbanized area studies.b. Percent in a.m. peakìirection.



TABLE 38

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERNAL PERSON-
TRAVEL: " URBANIZED AREA POPULATION, 50,000-100,000 b

NEEDu !-)
Í ..1,

Total
TräveL

TotaI
Travel

Total
work
Tråve1

Tot,aI
Vüork
TraveI

comb.
Pk. Pd.
Total
TraveI

Comb.
Pk.Pd.
TotaI
TráveL

0.145

6.893

Pk. Hr .
Total
Ilavel

Pk. Hr.
Total
Tràve1

0.275

3.635

Comb.
PK. P¿I.
work
Tráve1

Comb.
Pk. Pd.
work
Trávet

Lr-724

0.090

0.527

r.897

llr'il
!__l

A.M,
Pk. Pd.
work
Tráve1

A.lil.
Pk.Pd.
Work
Travel

L2.67 7

1.613

0.619

0.079

P.M.
Pk. Pd.
!{ork
TráveI

P.M.
Pk . Pd.
work
Trável.

23.s79

o .327

L. I3s

3.061

0.042

0.545

Pk. Hr.
work
lravel

TABLE 37

CONVERSION FACTORS FOR CRITIC,q,L PERIODS OF
TRANSIT PATRONAGE

Pk.Hr.
Ivork
Trâvel

25.84]-

o -292

3.480

0 .039

0.287

3.420

a. iglork TraveL" refers to HBw trips. "Total Travel" is (HBI{ +
HBNll + NHB) trips. See text for definitÍons of travel for
the various time periods.

b- source: computed from traver data contained in Rçference (36)ì,
Chapter 2 and Chapter 5.

3s.128

0.880

6.488

r. 138

0.029

0.267

0. 155

3.7 4A

0 .472

0. 141

0.196

5.096

2.r20

7 - 111_

ANNUAL

AVERAGE
WEEKDAY

VOLUMES

ANNUAL

AVERAGE

t,JE E KDAY
VOLUMES

.0.104

Ì.864

0.430

0.536

9.665

2-323

COMB I NED

PK. PER.
(4 HouR)
VOLUMES

COI4BI NED

PEAK PER.
(4 H0uR)
VOLUMES

0.316

0.490

2.043

3.158

0.360

0.9L2

L.096

2.778

PEAK HOUR

PEAK
DIRECTION

0.671

1.490 1.3s9

0.736

Source: References (18 and 38).

Figure 84. Daîly distributíon oÍ transít trips as a percentage ol
annual average weekday patrcnage (18, 38).

o\
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TABLE 40

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERNAL PERSON.
TRAVEL:' URBANIZED AREA POPULATION, 250,000-750,000b

NEEDn [-l
A-/vl
E rlz

Total
Travel

Total
lravel

11¡tal
work
TraveI

Total
Work
TraveL

Comb.
Pk. Pd.
Tot.al
Trâvel

corlb.
Pk.Pd.
TotaI
TraveL

0 .181

5.5Is

Pk. Hr .
Total-
Travel

Pk.Hr,
ToÈaI
TräveL

0.322

3.10L

comb.
Pk. Pd.
work
TraveI

conb.
Pk. Pd.
I{ork
Trável

0.r01

0.562

L.778

9.947

A.lt'I.
Pk. Pd.
work
Travel

A. t{.
Pk. Pd,
!ùork
Travel

0.103

0 .554

9.675

1.804

P.M.
Pk. Pd.
Work
TráveL

P.M.
Pk . Pd.
Vùork
TraveI

0.057

L7.450

0.572

0.3r2

1.748

3.208

TABLE 39

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERNAL PERSON-
TRAVEL: " URBANIZED AREA POPULATION, 100,000-250,000 r'

Pk - Hr.
Work
Trâvel

Pk.Hr -
I{ork
Trâve1

0.316

0.322

3.l-10

20.361

3.164

0.049

a. "work Travel" refers to HBw trips. "Total Travel" is (HBw + HBNW +
NHB) trips. See text for definitions of travel for the varioua
time periods.
Source: Computed from travel data conta.ined in Reference (36) ,

Chapter 2 and ChaPter 5.

26.L93

0.178

0.969

NEED
i{ lJ$r/
E rlz

1.032

5.627

0.038

0.27r

3.693

b.

0.570

1.755

6 .566

4.749

0. 152

0. 211

Total
TraveI

'TotaI
Travel.

0.553

r.810

2.047

I .447

0.118

0 .489

llctaI
Work
Tråvel

Total
work
Travel

2 . l_l_1

conìb.
Pk.Pd.
lotaI
TraveI

?.633

o.473

0.380

Comb.
Pk.Pd.
TotaI
Travelt

0. r8l

s.515

2.7r7

r.166

0.368

0.857

Pk. Hr.
Total
Travel

Pk.Hr.
TotaI
TråveL

0.288

3.477

1. s0r

CoÍrb.
Pk. Pd.
Work
Trável

0.666

Conb.
Pk. Pd.
work
Travel

10.449

0.095

1.586

0.630

A. ¡{.
Pk. Pd.
work
TráveI

L.286

o.777

A,M.
Pk. Pd.
Igork
Travel

0.105

0.528

9.508

1.894

P.M.
Pk . Pd.
work
Tráve1

P. M.
Pk.Pd.
9¡ork
Trável

0.058

o.579

17.171

0.332

3.006

L.7 27

Pk.flr.
work
Travel

Pk.Hr.
I{ork
Travel-

0.049

0. 321

2.7 40

0.36s

20.209

3. 1I3

a. "woxk Travelrr refers to
NHB) triPs. See text
time periods.
Source: computed from

ChaPter 2 and

0.036

0.273

0.203

0.912

27 .670

r.097

4.939

b.

3.644

0. 199

o.!72

0.608

r.644

s .017

5.812

0. s55

0.517

0.126

1.803

1.934

7 .959

HBW trips. "Total Travel" is (HBW + HBNVÙ +

for derfinitions of travel for tåe various

trav.:l data contained j.n Refcrcl¡ce (36) ,
Chapl:er 5.

0.471

0.378

2.648

2.r22

0.344

0.850

T.L77

2.905

0.62L

1. 612 1.369

0.730

-J



TABLE 42

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERNAL AUTO DRIVER
TRAVEL: " URBANIZED AREA POPULATION, 50,000-100,000 ¡

,, "uf\
ËJ, 

,

Total
Travel

TotaI
Travel

'Iotal
In¡ork
TraveI

TotaI
work
TraveL

Comb.
Pk.Pd.
Total
TraveI

Comb.
Pk.Pd.
TotaI
Travel

0 .160

6.2s0

Pk. Hr.
ToÈaI
TraveI

Pk.Hr.
TotaI
TraveI

0.308

3.247

Coñb.
Pk. Pd.
l{ork
Îrável

comb -
Pk. Pd.
work
Travel

t0 .753

0.093

0.s19

L.925

A.M;
Pk.Pd.
Work
Trável

4.tl.
Pk. Pd.
work
Travel

rL.494

0.087

0-s8r

1.7 20

'e

ó.

P.M.
Pk . Pd.
work
Trável

P. M.
Pk. Pd.
Work
Travel

22.007

0. 302

0-545

0.045

3.3r2

r.83s

Pk. Hr -
work
Travel

TABLE 41

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERN,q,L PERSON-
TRAVEL: ' URBANIZED AREA POPULATION, 750,000-2,000,000 b

Pk .Hr.
work
TravêL

0.283

0.042

o -284

23.946

3.532

3.521

a. nwork Travel" refers to IIBW trips. "Total Travelrr is (HBW + HBNW +
NHB) trips. See text for definitions of travel for the vaiious
tine periods.

b.. Source: Corûputed from travel data.co¡rtaineci i¡¡ lìcfere¡ìcÈ t36) ,
Chapter 2 and Chapter 5.
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0.148
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6.778

NEED
HLI
A-/
H..1,

0 .031

3.831

0 .489

0. r36

2.047

s.208

7 .376

0.L92

Total
TraveI

'Tota1
TraveI

10.0 26

0.449

0-52r

t. 919

2.227

0.100

I'otaI
work
Travel

TotaI
Work
TraveI

o .479

3.O27

2.088

0. 330

Comb.
Pk. Pd.
ToÈaI
Tr'âvel

Comb.
Pk.Pd.
Total
Travel

o .227

4 .4L2

0.919

2.839

1.088

o .352

Pk. Hr.
TotaI
TraveI

Pk.Hr.
TotaI
Travel

0.337

2.970

L.47 9

Coñb.
Pk. Pd.
Work
Travel

0.676

Comb.
Pk. Pd.
InÌork
TraveL

1-486

0.102

0.673

9 .852

1.359

À.M.
Pk . Pd.
-r{ork
TraveI

0.736

À.I{.
Pk . Pd.
work
Travel

0. 133

0-448

,c',--ì. , Ì.'

7.503

2.233

P.M.
Pk.Pd.
Work
Travel

P.M-
Pk. Pd,
work
Travel

13 .7 37

0.073

0-588

0 - 302

1.701

3 .466

oo

Pk, Hr.
Work
Travel

Pk.Hr-
work
Travel

15.640

2.527

o -32I

0-396

3.113

0 .064

a. "Hork Travel" refera to
NIIB) tripe. See text
tinÞ periods.
Source: Computed frôm

chapter 2 and

2 1. 160

0.761

b.

4.626

o -216

1". 3 l_3

3.545

0.282

0.047

1.394

4.796

0.717

5.267

0 .190

0.208

0.547

1.831

7.126

1.588

0.140

0.630

HBW trips. 'Total Travel" i6 (HBW + ItBll[Y +
for definitions of traveL for tt¡e various

travel clata contained in Reference. (36) ,
Chapter 5.

2.L48

2.084

0.479

0 .466

2.820

I. T38

0.355

0 .879

l- 540

0.649

1.353

0.739



TABLE 44

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERNAL AUTO DRIVER
inevpr' " URBANIZED AREA PoPULATIoN, 250,000-750,000 b

NEEDslJ

$ ..1,

TotaI
TraveI

'Total
Travel

TotaI
Work
Travel

Tot.al
Work
Tráve1

Comb.
Pk . Pd.
Total
T.râvel

Comb.
Pk.Pd.
Total
TraveI

0. 200

5.000

Pk. Hr.
Total
Travel

Pk.Ër,
TotaI
Trável

0.361

2.770

Comb.
Pk. Pd.
!Ìork
Travel

comb.
Pk. Pd.
l{ork
Tràvel

0. 104

r.805

9.615

0 .554

A.M.
Pk.Pd.
Work
TraveI

A.I{.
Pk. Pd.
work
TráveI

0 .114

0.520

r.923

8.772

P.M.
Pk. Pd.
!{ork
Travel

P. ¡4.
Pk.Pd.
Work
TráveL

0.06r

0.572

16.287

0.288

3.47r

L.7 48

TABLE 43

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERNAL AUTO DRIVER
inevnr' " URBANIZED AREA POPULATION, 100,000-250,000 b

Pk. Hr.
l{ork
Travel

Pk.Hr.
I,Iork
Travel

0.053

0.307

0 .317

3. 156

18.868

3.257

a. "hlork Travel" refers to
t¡HB) triPs. See text
tinre periods.
Source: Computed from

ChaPter 2 and

0.041

4.265

1.100

0.170

0 .909

24.272

" 
*t3

x.l,

5.879

3.77 4

b.

0.206

o.\47

0.590

1.694

4 .854

6.811

Total
Trável

TotaI
Travel

0.5r0

0.537

0 .114

1.863

8.762

r.962

TotaI
Work
Trävel

Total
Work
TràveI

HBw trips. "Total
for definitions of

0.463

0.396

2.524

Conìb.
Pk. Pd.
TotaI
TraveI

2.158

co[ù).
Pk.]?d.
Total
Tral¡eL

travel data contained in Reference (3Ð ,
Chapter 5.

0.200

5.000

0.360

0.863

2.777

1. r58

Pk. Hr.
Total
Travel

Pk.Hr.
Total
tråveI

0.322

3.106

0.671

Travel" is
travel for

1.490

CoÍib.
Pk.Pd.
work
Érável

conb.
Pk. Pd.
work
Tràvel

0.099

10.101

1.610

0.621

1.286

0.777

A.t'l.
Pk. Pd.
Work
TraveI

A.M.
Pk. Pd.
Work
Trâvel

(HBW + HBNW +
Èhe various

0.116

0.495

2.020

8.62L

P.M.
Pk. Pd.
lfork
tráveI

P.M.
Pk.Pd-
V{ork
Trá\¡el

0.062

0.579

0. 307

]-6.026

3.253

r.727

Pk. Hr .
vlork
Travel

Pk .Hr.
I{ork
TravëI

0.053

0.312

0.360

r8.727

2.78r

3.205

a. "work Travel" refers to
.NHB) trips. See text
time periods.
Source: ComPuted fror,ì

ChaPter 2 and

0.039

0.267

0 .194

1.170

0.855

25.64r

5.1.60

3.7 45

b.

0.195

0.630

0.166

1.s87

6.029

5.128

0. 121

0.539

0.539

1. 854

1. 856

8.256

HBIV trips. "Total Travel" is
for definitions of travel for

o-394

0.461

2.L69

2.538

travel data contained in Reference (36) t
Chapter 5.

0.33?

o.62s0.856

1. 169

2.969 1.600

0.730

t. 369

(HBW + HBNW +

tt¡e various
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NEED
HLI
VI
E rl^¡

Total
Travel

Total
Ifork
Tràvel

Comb.
Pk.Pd.
TotaI
Travel

Pk.Hr.
Total
TráveI

cor¡b.
Pk. Pd.
Work
Trável

A.M.
Pk.Pd.
Work
Travel

P. M,
Pk. Pd.
work
Tráve1

Pk.Hr.
Work
TraveI

Total
Travel 0. 250 0.377 0 .105 0.L47 0 .078 0.069 0.051

TotaI
hlork
Trável

4.000 L.s0I 0 .420 0.58I 0.312 0.276 0.204

Coñb.
Pk. Pd.
TOTAI
Trave]

2.653 0.663 0.279 0.390 0.207 0. r83 0.135

Pk. Hr.
Total
Travel

9.524 2. 38L 3.590 r.400 0.743 0.657 0.486

conb.
Pk. Pd.
work
Travel

5.803 1.701 2.565 0.7]-4 0. 531 0 .469 0.347

A.M.
Pk. Pd.
work
Trávêl

12.82L 3. 205 4.833 1.346 1.885 0.885 0.554

P.M.
Pk.Pd.
Work
Trável

14.493 3.623 s.464 1.522 2. 130 1.130 0.739

Pk.Hr.
!Vork
Travel

19.608 4.902 7 .392 2.O59 2.882 I.529 r.353
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TABLE 45

CONVERSION FACTORS FOR CRITICAL PERIODS OF INTERNAL AUTO DRIVER
TRAVEL:' URBANIZED AREA POPULATION, 750,000-2,000,000

"Work Travel" refers to HBw trips. "Total Travel" is (HBw + HBNIÍ +
NHB) trips. See text for definitions of traveL for the various
time periods.
Source: Computed from travel data contained in Reference (36),

chapter 2 anil Chapter 5.

which occurs during the 60-min period that has the largest
volume of travel for the 24-hr period. The peak hour may
be during the alvr or pM peak period (generally assumed
to occur during the pr"r peak period).

5. Combíned peak period work travel. Same as item 3

except applies only to HBW travel.
6. tu peak-period work tavel. Travel for the purpose

of HBW occurring during the two consecutive morning
hours representing the highest cumulative volume of daily
travel.

7. yu peak-period work tavel. ^[ravel for the HBW
purpose occurring during the two consecutive evening
hours representing the highest cumulative volume of daily
travel.

8. Peak-hour work travel. Travel, for the purpose of
HBW, which occurs during the 60-min period that has
the largest volume of travel during a 24-hr period (gen-

erally assumed to occur during the ¡rvr peak period).

ì".

:',

Tables 38 through 45 have been developed from other
tables in this chapter describing travel by time-of-day by
purpose; from information contained in Chapter Two,
"Trip-Generation Estimation," which relates work trips to
total trips; and from data contained in Chapter Five,
'i4.utomobile-Occupancy Characteristics. "

As the user becomes familiar with the conversion tables,

it witl be discovered that the conversion factors are useful
from the standpoint of gaining a perspective about the

distribution of travel as well as helpful for detailed analysis
purposes. For example, the user should notice that total
travel occurring during the peak hour is approximately 10

percent of the total daily travel. Also, peak-hour HBW
travel is approximately 40 percent of the total peak-hour

travel.
The following example is provided to illustrate the tables

in application.

.:'j

;, 1l



Given: In an urbanized area of 300,000 population,
a major new development is proposed for
immediate construction in a corridor where
there exists a heavy movement of people.
The developer has estimated the project will
generate 7,000 daily HBW trips that will
use the major arterial. The arterial cur-
rently carries 27,000 internal person-trips
daily.

Determine: 1. The total daily internal person-travel
generated by the development that will
use the arterial.

2. The peak-hour total person-travel using
the arterial.

Solution: To solve this problem, Table 40 is selected

as representing an urbanized area of 300,000
-n^.'I ^+inn Frnm 'Falrla L tlr,ê fnllnwino
t,vPsr4lrv¡¡¡ ¡ vr !¡¡Y

conversion factors are noted:

TIAVE NEED

Total work travel Total travel 5.515
Total travel Peak-hr total travel 0.101

1. Total trips from the development: 7,000 X 5.515
: 38,605 person-trips

lll

Total daily person-trips on arterial:38,605 + 27,OOO
:65,605
Therefore peak-hour trips: 65,605 X 0.101

: 6,626person-trips

Similar applications can be performed for internal auto-
driver travel using Tables 42 through 45. The auto-driver
travel conversion factors have been adjusted to account for
variations in auto occupancy.

IIMITATIONS AND USE OF REGIONAL DATA

The information contained in this chapter allows for a

rapid analysis of travel by time-of-day for a multitude
of conditions. The data used to develop the factors are
extensive, and similar daily distributions have been observed
between those urbanized areas which contributed data.
But, the user should never overlook the uniqueness of local
conditions nor the reasonableness of the results in light of
known characteristics of local conditions. If local data
exist to segregate travel by time period, the user is urged to
investigate such data to the extent time allows.

2.

FACTOR

CTIÂPTER SEVEN

TRAFFIC-ASSIGNMENT PROCEDURES

INTRODUCTION

Traffic assignment is a process used for simulating cur-
rent traffic volumes and forecasting probable future vol-
umes on a transportation system, or portion of a system,
using travel-demand information developed from a survey
or a modeling technique.

Traffic-assignment techniques and their products have
many uses, including:

o Developing and testing alternative transportation
systems.

o Establishing short-range priority programs for trans-
portation facility development.

o Detailed study of traffic generators and the efiects
of such generators on the transportation system.

o Analyzing locations for facilities and service within ¿

transportation corridor.
o Developing design volumes.
r Providing necessary input and feedback to other

planning tools.

Input to the traditional traffic-assignment process

includes:

o A transportation network description varying in de-

tail from all segments and interconnections of the actual
system to an approximation of the available carrying
capacity of the system.

r Operating characteristics of the system varying in
detail irom the actual operating speed of each segment to
a general categorization of level of service (high, medium,
low).

o A measure of the transportation demand or move-
ment (i.e., persons, vehicles, tons of cargo). This quantity
can be represented in detail as a matrix of movements
between each analysis area of the study area or in gross

terms such as total travel associated with a generator.

Varying degrees of detail are available between these

extremes.

Traditionally, traffic-assignment techniques have relied
on the determination of routes through a network of facil-
ities based on segment impedances. Interchange values

are then accumulated along these paths resulting in loads

on each network segment. Other techniques, which require
less detailed input and produce meaningful results for
certain types of problems, are also available.

The techniques contained in this user's guide are in-

cluded to allow quick response without the need for com-

puter expertise. Three techniques are described:

1. Traditional traffic assignment.

2. Traffic generation and decaY.

3. Traffic diversion/traffic shift.
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Each technique provides varying levels of detail and each
has application in the solution of different types of prob-
lems. Only the traditional traffic-assignment approach
makes use of a network and interchange values. The
other techniques require significantly less input, and,
likewise, provide a lesser degree of accuracy but have
definite uses as described later'herein.

The traffic-assignment process is but one procedure in
the transportation planning process. The results are most
easily understood by the administrator, the public, and
planners,

BASIS FOR DEVELOPMENT

The techniques described in this chapter are generally a
combination of various procedures uncovered in the litera-
ture cited in the references. The three major classifications
of techniques had one or two principal sources which
provided the major direction for the description of each
procedure. The three major methods are:

l. Traditional traffic-assignment methodology: This
methodology is basically the common all-or-nothing assign-
ment process, flowever, this method was made more
versatile by incorporating techniques contained in a De-
Leuw, Cather publication (40), a technique developed by
Wickstrom and Kudlick (49), and a technique described
by Citron (71).

2. Traffic-generation and decay methodology: This
method was generally based on material developed by
Gruen Associates under contract to the FHWA (/). The
technique has been expanded to allow use of more specific
estimates of generated trips, provide a more responsive
decay function, and improve the geographic orientation
sensitivity of the results.

3. Traffic diversion/traffic shift methodology: This pro-
cedure was developed from material on the multiroute
probabilistic process developed by Dial (55). The formu-
lation presented provides a means of determining the
diversion of traffic between routes based on an improve-
ment or the addition of a competing facility.

Each technique is illustrated in turn with actual applica-
tional examples. An attempt has been made to describe
the techniques as modular elements where the user can
proceed from a condition with little available informa-
tion to a condition where extensive information is known
about the study area.

All techniques described allow manual application. In
some cases, the user might have access to regional model
outputs and may be able to obtain specific computer out-
put. For these users, discussion has been included to relate
the usefulness and application of regional models.

FEATURES AND LIMITATIONS

Some salient features and some major limitations of the
three sets of traffic assignment techniques are discussed
in the following sections.

Traditional Traffic-Assignment Methodology

This method provides traffic estimates on a network of
highway facilities. This includes traffic flow on each street

segment plus (optionally) turning movements at each
intersection. The requirements of traditional traffic assign-
ment are a matrix of trips between all origins and destina-
tions and a street system (network) on which these trips
will be accumulated (assigned).

The matrix of trips can be manually obtained (see
Chapter Three, "Trip Distribution") or can be obtained
from areawide computer models. If the matrix is obtained
from areawide models, the number of interchanges should
be reduced by aggregating trips to districts in areas removed
from the portion of the street system under consideration.
An additional simplification that can be applied for manual
application is to eliminate interchanges that have a minimal
number of trips (i.e., less than 10). This simplification
greatly reduces the number of manual computations and
has been shown to produce reasonably accurate re-
sults (40).

The basic methodology for assigning traffic manually
(or with a computer) is to determine a logical path for
each trip interchange and then to accumulate the number
of trips on each street segment along the path. The deter-
mination of a logical path must be based on some criteria
that will produce meaningful results and provide consis-
tency between users of the technique. Normally, travel
time is the criterion that is used to select the logical path
between an origin and a destination. In most cases the
logical minimum path can be determined by inspection.
For a small number of cases, it may be necessary to com-
pare travel times on alternative paths to determine the
best route. Accumulation of trips along each path is
basically an accounting or bookkeeping process as illus-
trated in the application examples that follow.

If the street network under analysis is limited in size
and the number of interchanges is small, a graphical
accumulation technique may be adequate. This technique
simply involves recording on a map the number of trips
on each segment that is included on the minimum path.
After all interchanges are accounted for, the map will
contain a number of interchange values on each segment
which are summed to produce the traffic volume on each
street segment. Obvious disadvantages of this procedure
are: many movements using the same segment will be
difficult to record on a single map; no provisions are made
to check segment values or to adjust segment volumes
quickly if an error is discovered; turn volumes are not
identifled.

Trips can also be assigned to the network using tabular
accumulation which yields exactly the same result as the
graphical process except that bookkeeping is easy and
systematic.

For determining turning movements at intersections, a
method described by Citron (71) is used. This technique
involves attaching a unique number to each turning
movement at highway segment intersections of interest.
Trip interchanges are then assigned to turning movements
(rather than segments) while maintaining the most logical
paths. Accumulation of trips to turning movements is
performed in a tabular form. It is also possible to use this
method to compute segment volumes by accumulating
appropriate turning movements at the intersections.

" --l'--l
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Traffic Generation and Decay Methodology

This technique, based on the Gruen guidelines (1), is

useful for evaluating the efiect of a proposed traffic
generator (shopping center, industrial park, airþort, etc.)

on the highway system surrounding the development.

Two elements are involved in the estimation process:

determination of expected trips generated by the develop-

ment, and determination of the effect of these trips at

increasing distances from the generator by "geographic

orientation" (i.e., north, south, etc.).
Prior to evaluating the effect of a proposed traffic

generator, it is necessary to obtain information on the

traffic volumes that exist or will exist on the street system

in the area of interest. This information can be obtained

from traffic count data or traffic assignment results (if
available) from a regional model. If this base or existing
rroffi¡ ic -nr ra¡dilr¡ qr¡eilchle a methnrl for annroximatinsr¡v! ¡vEs¡¡J úrÉ^¡Év¡Yt --- "EE- ---

such traffic (/ ) is available.
Special charts are provided to enable estimation of

average street volumes for suburban developments of
relatively uniform density. The primary chart, for ex-

ample, provides an initial approximation of traffic volumes.

Adjustments to these volumes are then made by applying
the adjustment factors owing to the following characteris-

tics:

o Density and project size.
o Level of service.
o Auto ownership.
¡ Transit utilization.
o Project and nonresidential/residential mix.
o Freeway diversion.

These factors are derived from charts and are applied
multiplicatively to arrive at a final estimate that can be

used as a base-traffic estimate. It should be noted that
the use of such charts involves relationships that are gen-

eral in nature. These relationships are simple to apply
but should be used with caution.

The evaluation of a major traffic generator involves

estimating the traffic that the generator will produce and

then superimposing this traffic on the traffic already exist-

ing on the street system. Determination of generated

trips can be made by using local trip-generation characteris-
tics if they are available. Obviously, this will produce the

most meaningful results. If this information is not avail-
able, an alternative approach would be to use the trip-
generation estimation guidelines described in Chapter Two,
"Trip-Generation Estimation. "

If the user has access to regional models, specifics on

distribution of trips by length and purpose will be available.

This information should be used in lieu of the more general

tables by selecting the appropriate trip purpose that most

closely represents tyPical travel to the generator under
consideration. Trip-purpose classifications vary from study

to study, but certain major classifications, such as work,

shopping, school, social-recreational, usually are common
and can be related to the appropriate type of generator

(e.g., for a university-school trips, for a shopping center-
shopping trips, for an industrial establishment-work
trips).
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The final requirement for estimating the effect of a

proposed generator is to determine the geographic orienta-

tion of trips (in terms of movement to and from the

north, south, east or west directions) that will use the

generator. If no other information is available, a uniform
orientation (or "spread") might have to be assumed.

Usually, however, orientation of trips can be determined by

examining the available street system to determine where

the service is provided. An examination of the nongenera-

tor end of the trip may also provide insight into the ex-

pected orientation of travel (i.e., a given shopping center

will attract trips from areas of residential development

in reasonably close proximity to the center).

The techniques described in Chapter Three, "Trip
Distribution," provide the mechanism to account for both

orientation and attenuation. Use of the gravity model

technique requires distribution factors, F¿¡, which can be

derived as describe<i in Chapter Tirree. Appiication of ihe

gravity model in the context of evaluating a major genera-

tor involves the assumption that the generator "produces"
the traffic and surrounding residential areas "attract" the

traffic. This assumption is reverse to the normal situation

where the generator attracts trips. As such, it is not entirely

correct inasmuch as it does not allow for the effect of
competing generators on traffic flow. In the context of
quict-response procedures, this error is not serious and

at worst will provide a slight overestimation of the quantity

of traffic on the street system. Application of the manual

trip-distribution procedure in the traffic evaluation of a

major generator is given later in this chapter.

Traffic Diversion/Traffic Shift Methodology

This procedure enables the user to determine the effects

changes in the level-of-service variables have on highway

segment volumes. For instance, if there are two routes

within a corridor, and one route is improved so that higher

speeds are possible, traffic will divert to this route from

tÈe other facility-this diversion can be determined

graphically using a chart provided for this purpose' The

traffic-diversion method is simple and easy to use'

Summary

In summary then, manual trip assignment can be handled

most conveniently at the detailed level for a small-sized

network. Ideally, manual trip-assignment problems should

be confined to the subarea level, and, on occasions, at the

subregion level. The geographical relationship of these two

levels with that of the region level is shown in Figure 85'

It is possible, of course, to apply the assignment meth-

odologies to larger networks, but the sheer size of the

problem can be overwhelming in terms of time require-

ments. For this reason, it is recommended that netwòrks be

kept simple and comPact.

The choice of a suitable assignment method depends on

the type of problem to be addressed' Consider the follow-
ing examples of possible applications:

1. For determining traffic volumes on a highway net-

work resulting from trþ-distribution interchanges, the
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HIERARCHY OF ANAÍ,YSIS AREA I,EVEIJS:

L. SITE/SPECIAI GENERATOR (e.g., a regional shopping center)
2. SUBAREA/PROJECT (a conglomeration of contiguous districts

or zonesi e.9., a residential project)
3. SUBREGION (a congloneration of contiguous subareas; e.g.,central city or suburb portion of a region)
4. REGION (a congloneration of contiguous subregions e.g.,a ÍEÈropoliÈan region)
Figure 85- Geographícal relationships between various analysis area levels.

traditional "all-or-nothing" assignment method should be
used. This tripJ's1t¡nt¡ttt" procedure can be performed
either graphically on a map or in a tabular format. If
turning movements at inte¡sections are desired, the turning-
movement method can be employed.

2. For estimating traffic volumes through corridors ot
geographical sectors (and for estimating the associated
street system requirements) caused by traffic from special
Iand-use generators, the Gruen guidelines (1 ) in conjunc-
tion with the trip-geographic-orientation analysis should be
considered.

3. For estimating the traffic ,'shift" between routes
within corridors owing to level-of-service changes on cer-
tain facilities, the diversion method should be considered.
Obviously, for detailed analysis a traditional assignment
approach should be used.

One important clarification must be made concerning
the term "traffic." Two distinct categories of Íaffic can
be discerned: the base or existing traffic in the network and
tbe ødditional or newly generated traffic owing to a newly
developed or proposed land use. If the newly generated
traffic is superimposed on the existing traffic, the total
traffic estimate is obtained. Ultimately, it is the total traffic
estimate that is of concern to the planner, say, for capacity
analysis for a corridor or for intersection analysis.

Usually, existing traffic on the highway segments is
available to the planr.:r from previous assignment studies
and/or from traffic counts. It is only necessary, therefore,
to estimate and assign new trþs generated by special land
uses. This situation simplifies matters and works to the

advantage of the user because the network that will be of
interest will most probably be small in size and will be
located in the immediate vicinity of the special generator.

MANUAL TRAFFIC.ASSIGNMENT METHODOLOGY FOR
SMALL NETWORKS

Consider a hypothetical scenario where the peak-hour
traffic impacts for an average weekday produced by a
special generator (e.g., a proposed government center)
are to be determined for a freeway-arterial network in the
immediate vicinity of the generator; the impact subarea in
this case is bounded by a traffic-analysis area boundary, and
only those highway segments wholly inside this boundary
are to be considered. The traffic impacts are to be quanti-
fied in terms of the segment volumes and turning move-
ments at selected intersections. The methodology is applied
as follows:

Step 1: Map ol study area. Lay out a map showing the
region, subregion, subarea, and the special generator.
Delineate analysis areas within the subregion that produce
and attract trips to and from the special generator (the
same should be done for the region, but, in this cxample,
only the subregion and analysis area will be dealt with for
simplicity). There are a total of 18 analysis areas within
the subregion with area 18 being the impact subarea (see
Fig. 86). Lay out also the significant freeway-arterial
network in the subarea. The subarea boundary acts as a
cordon line to area 18 : the freeway-arterial segments are
extended across this cordon so that these segments, concep-
tually, represent entry (and exit) points into (and out of)
arqa 18. As pointed out earlier, the network is kept



compact by dealing only with facilities at the freeway-
arterial level. The network could conceivably include
collectors and locals but this is dictated by the time re-

sources available and the analysis desired. The preliminary
setup is shown in Figure 86.

Step 2: Tríp interchanges to special generator. By using

the trip-distribution methods and the time-of-day analysis

methods described in the preceding chapters, the hourly/
directional splits of trips to and from the special generator

may be estimated. 'ftips lrom the 17 analysis areas to the

special generator in area 18 can thus be determined for a

particular hour. Then, using a "desireline" concept, these

interchanges are connected to the appropriate highway

segment entry point. The connection proceeds in a clock-

wise fashion around the subarea as shown in Figure 87. In

effect, the trips are funnelled into (or out of) the impact
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with (hypothetical) trip interchanges from area I, 240

trips destined for the special generator (i.e', the proposed

government center) are connected to the nearest highway

segment crossing the subarea cordon. Similarly, 130 trips
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from area 2 are connected to the same entry point. Then,
50 trips from area 3 and 150 trips from area 4 are linked to
the next entry point; and so on until all 17 areas are

accounted for. Note that intra-area trips for zone 18 are

not considered for assignment and were therefore excluded.
Note also that unless the subarea under study is large

enough to generate an appreciable proportion of the trips
destined to and from the special generator, such exclusion
of intra-area trips is an acceptable approximation'

To enable ready distinction between opposing flows of
traffic, trip interchanges are always noted on the right-
hand side of the desire line with respect to the direction of
flow. This convention is maintained throughout this

chapter as a simple means to avoid any possible confusion
in trip directions.

Area 18 is then expanded onto a larger scale as shown in
Figure 88. The entry points are identified alphabetically:
thus, 370 trips are entering subarea i8 ai entry point A;
200 trips at entry point B; 250 trips at entry point C; and

so on. In total, 5,000 trips are destined for the special

generator (for a particular hour) and they all cross the sub-

area cordon line through 1l entry points (A through K).

Subregion boundary

LEGEND

a-

Ìi,i¡:ìii1.ìr1i$ì"'ri
läiÌi1:;ii{!:i:iliii: :

H¡Ë¡

o

u'J
à

Subarea boundary
(impact. area)

Special generator

Ai'ralysis zone bounCarir,
ce::troid , zolre nunber

Freeway-artêriâ]
net\^rork

Figure 86, Map of study area.
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Step 3: Number highway segments. Starting with entry
point A and proceeding clockwise around area 1.8, the
"most reasonable" highway paths to the special generator
are identified and their respective highway segments
uniquely numbered. Generally, the most reasonable path is
the minimum-travel time path and/or the minimum-travel
distance path. Experienced judgment must be exercised in
identifying such paths-the manual assignment procedure
makes no provision for selection of minimum paths based
on quantitative factors, but rather makes a quick visual
determination.

Thus, in Figure 88, the most reasonable path from entry
point A to the special generator is via highway segments
l, 2, and 3; from B, highway segments 4 and 3; and from
K, highway segments 19,20, 1,2, and 3; and so on for each
entry point. The identification of all minimum paths from
all entry points yields a total of 20 unique highway seg-
ments within the subarea.

Step 4. Load highway segments wíth enty trips. The
loading-stringing-of trips (essentially the all-or-nothing
method) onto the highway segments can proceed in one of
two ways, depending on user preference and the size of the
network. The process can be either graphical or tabular;
both methods are described here.

Tbe graphícal method merely "strings" or assigns trips
from the entry points to the special generator via the most
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reasonable highway paths, directly onto the map of the
subarea network. Accumulation of trips for each highway
segment is also done directly on the map. Again, entry
points are handled alphabetically and clockwise around the
subarea,

Thus, in Figure 89, highway segments L,2, and 3 from
entry point A to the special generator are each loaded
with 370 trips. This number is noted alongside the appro-
priate links on the right-hand side of each link with respect
to the direction of flow, because trips are heading into the
special generator. This convention is exactly that described
in Step 2. Arrows also help in identifying the direction of
traffic flows and are therefore inserted adjacent to the trip
'volumes. As another example of stringing, the 300 trips
from entry point K are loaded on the right-hand side of
links 19, 20, 1,2, and 3, and so on for each entry point.

The tabular method of assigning trips is just as simple as
the graphical method. This time, however, the trip inter-
changes from the entry points to the special generator, and
the highway segment numbers, are arranged to form the
rows and columns as shown in the table in Figure 90. The
trips are then inserted in the appropriate cells. For ex-
ample, from entry point A, 370 trips are inserted in
columns l, 2, and 3 corresponding to a minimum path
made up of highway segments 1,2, and 3. Similarly, from
entry point K, 300 trips are inserted in columns 1,2, 3, 19,
and 20 corresponding to a minimum path made up of

Fígure 87, study area, showing trip interchanges and desíre línes to specíal generator.
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Figure 90. Tabular assignment oÍ entry trips to highway network.

highway segments 19, 20, l, 2, and 3. After all entry
points have been handled, trips are summed up for each

column, yielding the trip volume for that particular high-
way segment. For instance, the total number of trips on

segment 12 headed for the sPecial generator is 590 -l- 950

+ 610 + 790:2,94O trips, and so forth.
The end result from both the graphical and tabular

methods is, of course, the same. Figure 91 shows the

total number of trips assigne! to the subarea network,
flowing from the entry points to the special generator'

Step 5. Tríp ínterchanges lrom special generator. This
step is similar to Step 2. Trips to the l7 analysis areas

lrom the special generator in subarea 18, for the same time
period as trips to the generator, have been determined as

before. However, the desire lines and traffic flows are now
reverse to the previous ones, and the entry points now act

as the exit points. Figure 92 summarizes the trip inter-
changes from area 18; the figure indicates that there are 50

trips destined for area 1 and 150 trips destined fot arca?;
that is, 200 trips are exiting through the cordon from the

same highway segment. In total, there are 2,000 trips that
leave the special generator (i.e., the proposed government

center), and they all cross the subarea cordon line through
11 exit points (A through K; see Fig. 93).

Step 6: Load highway segments with exít trþs. This
step is identical to Step 4 but with reversed traffic flows.

The major assumption underlying this step is that for
reverse traffic flow, the most reasonable path is exactly

the same as for the original direction. That is to say, the

minimum path from the special generator to, for example,

entry point A, is the same as that from entry point A to the

generator. (The planner must, of course, deviate from this

"reversal" if one-way streets are involved.) Hence, for
trips entering the generator through ent;y point A, highway
segments l, 2, and 3 are selected, and for trips exiting the

generator, highway segments 3, 2, a¡d I are selected to

exit point A.
Trips can be assigned graphically or tabularly in the

manner described in Step 4. (Note that for graphical

assignment, trip volumes are inserted on the right-hand

side of the highway segments, as defined by the traffic
flow convention.) The results of the graphical assignment

are shown in Figure 93 and that of the tabular assignment

in Figure 94.
The total two-way assignment results for trips from

entry points to the special generator, and for trips from the

special generator to the exit points, are shown in Figures

95 and 96. As shown in both figures, a total of 5'000

trips enter the subarea and 2,000 trips exit the same.

Highway segment 14, for example, shows 950 trips headed

to fhe special generator and 490 trips headed from the

same, resulting in a total flow of 1,44O trips on this

segment.
The highway segments for the subarea network are now

considered assigned with trip volumes to and from the

special generator. It must be pointed out that these trip
volumes are those exceeding the existing traffic on the

subarea network. For the total traffic impacts, the new

traffic must be added onto the existing traffic' This
information is frequently available from local traffic-volume
count programs.

The original scenario also calls for determining turning
movements at selected intersections due to the traffic gen-

erated by the special generator. In reality, turning move-

ments must be determined for both the existing traffic on
the subarea network and the additional traffic produced

by the generator, for only then will such movements have

any meaning in the identification of critical intersections'

For this scenario, however, only the additional traffic will
be used simply for illustrative purPoses. Turning move-

ments can be compiled by using a commonly used method

modified by Citron (21).
Suppose turning movements are to be investigated for

intersections inside the area designated in Figure 95. (This

area is shown expanded in Fig. 97.) The turning movement

method proceeds as follows:
Step 7: Trip interchanges entering and exiting designated

area. ^Ihese trips have been previously determined; thus, in
Figure 97, highway segment 4 has 200 trips entering the

designated area and 50 trips exiting the same, and so on

\neæm *
:NTRY \
'orNl # \r
,ñrn f,ÞTDc \-

I ) 3 4 5 6 1 ö 9 10 11 L2 t3 L4 t5 t6 I7 18 19 20

A no n0 310 310

ß ?þo 200 ?þ
c 2EO ?.Eo ?-go

D t60 46o lØ 109. i

E {'50 460

ç 190 s90 sw go
(¡ 9so 9rD 93D ,e
ll Glo 610 6lo 6to 610 6a0

I 1Ð ?90 zþ 1b 190 190

f 33? 330 330 l?o ßo 3þ

l( 300 þo 30o ?o0 w w
ETrrYs in--sooo {@ {000 l?to uÐ 2SO zso t@ t@ 60 sso Ø ¿940 9e gSD tq00 r4æ l4û IM ø9 øÐ



120

.s

.{
.ç

.f

!EGENp.

&

@v'- (rsÌ'.

@
4,'"o

+æ

Subarea boundary
(inpact area)

Special generator

Freeway-art.erial network,
highway segment number

Entry-Exit poÍnts

Entry trips*
Trips on highway segment*

*For a pa¡ticular hour.

Suoregion boundary

Subarea boundary
(inpact aree.)

Special generator

Freeway-a rterial
network

Trip interchanges and desire
lines from special generator
(for a particular hour)

t

.,1

Figure 91. Subarea, showing loaded entry tríps.

LEGEND

-LS*,ì{ÈÈSR
e¡¡ÉÐ

ð
\ tg ) Analysis zone boundary,

centrcid, zone number

4<)T

*q

Figure 92. Study area, showing trip ínterchanges and desíre lines lrom special generator.



t2l

LEGEND

- 

subarea
(imPact

& special

boundary
area)

generator

ûV Freeway-arterial network,
ZfÑ highway segment number

Entry-Exit Points

Exit tripsr.

Trips on highway segment*

*For a partLcular hour.

@
40ú

+*

?øn
{2

16k
Figure 93. Subarea, showíng loaded exit trips'

&o
È1

É
f'tz
l¡l
(9

ulzl
Ël
F.r Ixl
rtrl

t)
A
H
É
Él

\ suclæwt #
iNTRi\
'qINl-{->- I 2 3 4 5 6 7 I I 10 I] L2 13 14 15 16 L7 18 19 20

A Øo 2æ zoo Zoo

ts 5Þ ro ol
c 8o gþ 8o

D a & & 10

e ?û 2þ

? 16o lø0 lôo la0

a 19o 4so 4þ 40
taâ lu l?o l2o 17þ la)

Í 3o0 304 3oo Noo 3oo 3oo

J 110 170 l"() 110 l'lo 110

K fi0 t.r0 il0 lt0 tt0 tt0

E-[riesotÈ=Ø00 qw 4þ sþ so g0 & 4 40 3ZO 160 tæ lvm M 190 47Ð +?D 4?Ã +o 4o

Fìgure 94. Tabular assígnment of exit tríps to hìghway network'



:l

1l

:

-ì
rÌ

'il
'1

1

1
rl

122

.lson
db"Qs

#i
Figure 95. Subarea, showing total two_way (enty and exít) assígned trips,

for all segments crossing over into this area (for a particular
hour).

Step 8: Number intersectíons and turníng movements.
All intersections within the designated area ihat are to be
investigated are numbered using a scheme that differentiates
these numbers from others. Hence, the four intersections
have been numbered l0l through 104 (Fig. 97). Also
numbered are all the possible turning movements for each
intersection. Usually, for a four-legged intersection, these
movements total up to 12. So, for intersection 101, the
turning movements are numbered I through 12; for L02,
13 through 24, and so on. The turning movement numbers
are also shown in Figure 97.

Step 9: Load-turning movements. Basically, loading is
similar to the stringing process described previously, except
this time, instead of assigning trips to highway segments,
trips are now assigned to turning movements. Loading can
be conveniently handled by using a tabular format as
shown in Figure 98; the trips entering and exiting the
designated area fo¡m the rows, whereas the turning move_
ments form the columns. It is now a matter of filling in
the appropriate cell.
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For example, beginning with highway segment 1 (Fig.
97) and following the most reasonable path to the special
generator (which was via highway segments l, Z, and 3),
it is obvious that traffic will proceed through turning
movement numbers 12 and 19; thus, 1,000 trips are inserted
in the respective cells in columns 12 and, 19 of Figure 9g.
For trips exiting the designated area via highway segment
l, 480 trips will go through turning movement numbers
18 and 1, therefore, cells numbered 18 and I are marked
with 480 trips, and so on until all entry and exit trips have
been accounted for. Finally, all movements are summed
up column by column to obtain the total turning movements
for each intersection. (The example used here is small
in size and only some of the turning movements have
been "activated," and at that, only once. For a larger
problem, each turning movement may be used several times
by different trips.) Figure 99 shows the turning movement
activities for the four intersections inside the designated
area.

Because of the small size of the example problem just
described, it would have been a simple matter to determine
the turning movements without going through an elaborate
table. For larger networks, however, the table provides

Iq.
(oPlftx) 

'n;t¿s



a convenient bookkeeping method for the turning move-

ments. The accumulation method thus provides a sys-

tematic means of quantifying turning movements; in addi-
tion, the method can also be used to determine highway
segment volumes without going through the actual

assignment process. Suppose the traffic volume on segment

18 attributed solely to the special generator had to be

determined. Figure 97 shows that the northbound volume
can be obtained by summing up turning movements 4, 5,

and 6. From Figure 98, these movements correspond to

0, 0, and 420 trips respectively. Therefore, 420 trips flow
northbound on highway segment 18. The southbound

traffic is given by turning movements 46, 47, and 48; that
is, 0, 0, and 1,400 trips respectively. Hence, the south-

bound flow on segment 18 is 1,400 trips.
The turning movement method is limited in application

because of the large number of turns for every intersection
(usually 12 per intersection). Ilence, a large network with
several intersections will render this method incapable of
convenient handling.

Thus, by using the manual assignment methodologies

described previously, the user can determine highway seg-

ment volumes (by using a graphical or tabular method)
and turning movements at intersections (by employing the

turning movement method). So long as the highway

r23

network in question is of reasonable size, manual trip
assignment can be easily accomplished.

Distribution of Assigned Volumes Among Available
Facilities

In any assignment of travel to a highway network,
whether by manual methods or through the use of a com-
puterized technique, the link-assigned volumes will require
some redistribution between available facilities to more
closely reflect actual operating conditions. Historically,
transportation planning procedures have used screenlines

and auxiliary cutlines to validate and analyze assigoment

results, and the redistribution technique described follows
the same approach.

The technique described to reallocate travel between
competing facilities after traffic assignment is based

on screenline theory an<Í was <ieveioped by R'. H. Fratt
Associates (72). This technique requires analysis of mul-
tiple overlapping cutlines of major screenlines within an

analysis area. It may appear to the user that the procedure

is difficult and time-consuming, but it will be found that

an analysis area containing ten vertical and ten horizontal

major screenlines can be processed and summarized in two

person-days. Most analysis will not be as extensive.
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The manner in which each screenline is subdivided into

cutlines is as follows. Starting at one end of the screen-

line, the first cutline should normally extend across at least

three facilities (Fig. 101). The second cutline should do

the same, and overlap the first cutline such that the overlap

extends across approximately one-half of each individual
cutline. Preferably, more than one facility should be inter-

cepted within the overlap. The third cutline should be

similarly laid out, and should start where the first cutline
terminates. Additional cutlines as needed should be

similarly established. Unless irregularities in the street

system dictate otherwise, the cutlines in parallel screenlines

should be opposite each other so aò to intercept the same

sets of highway facilities.
As an example, Figure 101 shows the subdivision of

screenline A-A into three overlapping cutlines (i.e.' p-p,

q-q, and r-r) to be used in the redistribution of forecast-
year assignment volumes. Screenline A-A will be anaþed
using the hypothetical traffic data given in Table 46. Note

that the forecast-year assignment volumes are supposed to

have been obtained from all all-or-nothing assignment

procedures (discussed earlier in this chapter). Note also,

that link 50-51 is a proposed facility for the forecast year

and is expected to add capacity across screenline A-4.
The work sheet used for redistribution of assigned vol-

umes is given in Table 47. Link description, plus traffic

data for columns a, c, and e are ûlled in Table 47 using

(*\

,tS/Y
L'

The underlying assunrption of the redistribution proce-

dure is that forecast-year volumes on parallel facilities
should tend to be distributed proportionally to the volumes

as observed on the facilities in the base year. Further
stated, if no capacity changes (widenings, new facilities,
etc.) occur between the year observations are made and

the forecast year, the forecast-year volumes on the links
intercepted by the screenline are inclined to be proportional
to the base-year volume. All capacity changes to the

forecast-year system are interpreted as new facilities-
including widenings to existing facilities.

Figure 100 shows graphically the beginning point for
applying the volume-redistribution technique. It is assumed

the user will employ these techniques after the appropriate
vehicle trips have been assigned to the highway network via
the all-or-nothing assignment procedure. The major
screenlines to be used in balancing the trips between

competing and available facilities are shown along with the

facilities under study. The following points should be kept
under consideration while constructing the analysis lines.

Screenlines need only be defined across facilities within
fhe dírectional analysis area. That is, if only north/south
highways are under investigation, only screenlines A-4,
B-8, C-C, and D-D would be required' Major screenlines

should be constructed midway between major intersections

or every 2 mi-whichever is less. Except in special cases,

screenlines should cut a minimum of three facilities.

Fígure 99. Turning movement investigatíon area, showing loaded turns.
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the data given in Table 46. Such information is recorded
for each of the three cutlines of screenline A-A shown in
Figure 101. The cutlines are processed one at a time and
the total assignment-adjustment volumes (col. h, Table 47)
are input, when appropriate, into column e of the subse-
quent cutline analysis. The order in which the cutlines
are processed is arbitrary, but such computations should
proceed in an orderly fashion from one end of the screen-
line to the other (e.g., from left to right).

The calculations necessary for completing Table 47 are
as follows:

l Sum the base-year volumes; that is, traffic counts
(col. a), and determine the percent volume contribution
(col. b) for each link of cutline p-p. Note that because
link 50-51 is a new facility, base-year traffic counts do
not exist and therefore columns a and b are left blank.

2. Because link 50-51 contributes additional capacity in
the forecast year, columns c and d are filled in a manner
similar to step 1.

3. Column e is now completed using the forecast-year
assignment volumes in Table 46 (from the all-or-nothing
assignment).

4. As a capacity change is expected to occur across
cutline p-p, column f is completed for link 50-51. Thus,
the capacity-assignment adiustment for link 50-51 is
23.1% )(12,200:2,818 (i.e., this volume of traffic can
be expected for the new facility). The remaining forecast-

LEGEND

year assignment volume in column f. (i.e., 12,200 - 2,81g
:9,382) is distributed to the other links of cutline p-p.

5. Hence the volume-assignment adjustments (col. g)
for links 1-15 and 2-13 can be computed in the proportion
given in column b. Hence, for the former link, this adjust-
ment is 27.O7o X9,382:2,533 (i.e., this volume of
traffic can be expected for link 1-15).

6. Finally, the total-assignment adjustment for each
link crossing cutline p-p is computed by adding the volumes
in columns f and g. Note that the totals for column e
and h are the same for cutline p-p; only the traffic within
the cutline has been redistributed among the three links.

The six steps are repeated for cutlines q-q and r-r. For
q-q, the volumes fo¡ links 50-51 and Z-13 in column e
are the assignment adjustments from column h of the
previous calculations for cutline p-p. A similar transforma-
tion is made for r-r, (the volumes for links 2-13 and 4-B
in column e are adjustments from column h for cutline
q-q). For r-r, however, no new facilities cross the cutline.
Therefore, the computations in columns c, d, and f are not
necessary. The adjustments in column g are now derived
by proportioning the sum of traffic in column e using the
percentages in column b. Thus, for link 4-8, the propor-
tioned traffic equals 24.6Vo X14,278:3,5L2. The as-
terisks in column h of Table 47 indicate the final balanced
volumes resulting from the redistribution technique. To
refine these volumes, screenline A-A could be reprocessed
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through the six steps outlined previously. This second
iteration might result in a small gain in accuracy of the
balanced volumes; iterations beyond the second one are not
recommended.

Figure 102 shows the capacity, the base-year volumes,
the forecast-year assignment volumes, and the balanced
volumes for links crossing screenline A-4. The user can
observe the effect of the redistribution of volumes among
the facilities.

The user is cautioned that this technique does not keep
track of turning movement volumes and does, in fact,
negate the turning movement volumes from the all-or-
nothing assignment procedure. Reestablishing a table of
turning movements is possible, but the redistribution pro-
cedure requires many iterations to reach "convergence"
and is not practical as a manual tool. If the user is inter-
ested in analyzing turning movements, the trips from the
original assignment application should be used.

TRAFFIC GENERATION/TRAFFIC DEGAY AND STREET

REQUIREMENTS

Two applications are described for determining traffic
volumes and estimating arterial street requirements asso-

ciated with local development patterns and densities.
Basically, the approaches have been derived from material
contained in the Gruen guidelines (1). These guidelines
are tailored especially for developing suburban portions of
metropolitan regions where growth potentials offer a broad
range of planning opportunities. The choice of the appro-
priate application depends on whether the traffic impacts
and street requirements are to be determined within the
boundaries of the development (subarea/project) or

îcæ,way

whether the impacts of a special generator are to be

investigated on the street system surrounding the generator.
The two applications are described subsequently in turn.

Traffic Effects Within a Subarea/Project

Two steps are involved in this application. The first
step, labeled Step A, involves estimation of the base traffic
generated by residential and nonresidential land-use
inside the development and by land use in the subregion
surrounding that development. Figure 103 provides a

means for obtaining the average daily volumes (and the
required lanes and spacings) as a function of the residential
density of the subregion. This base volume is then ad-
justed by multiplicatively applying appropriate adjustment
factors which account for certain land-use and transporta-
tion-related characteristics unique to the subregion and
project under study. The adjustments are based on the
following suburban characteristics : residential density; level
of traffic service; level of transit utilization; car ownership
and household income; nonresidential/residential activity
mix; and proximity of freeways.

Figures 104 through 109 provide the necessary adjust-
ment factors (F, through Fu). The final, adjusted base

volume enables estimation of the base street requirements.
(Note that if base traffic conditions are available from
recent traffic-assignment results or from traffic counts, then
it is advisable to use such results and bypass altogether
estimation of volumes from Figs. 103 through 109.)

The second basic step, labeled Step B, involves deter-
mination of additional traffic generated by any special
generators superimposed inside the development subarea.

Trips related to these generators are estimated using the
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appropriate trip rates given in Table I of Chapter Two,
"Trip-Generation Estimation." Then, by accounting for
the geographic orientation of the trips and trip attenuation
using the methodology described in Chapter Three, "Trip
Distribution," or by using Figure 110, the additional
street requirements can be determined.

Selection of either the trip-orientation method or Figure
110 depends, as before, on whether street requirements
are to be estimated for areas outsíde the boundaries of the
project/subarea (in which case the procedures in Chapter
Three are pertinent) or whether estimation is for the area
insíde the project/subarea (in which case, Fig. 110 is
applicable). Details on the basis of selection are addressed
later.

The flnal step, labeled Step C, is to add the base street
volumes resulting from the subregion residential develop-
ment to the additional street volumes resulting from the
special generators to obtain the total street volumes and the
associated total street requirements for the study area.

It must be noted that Figure 103 is used for analysis of
land-use patterns distributed over a subregional area, con-
sidered jointly with the over-all development pattern of
uniform density in the surrounding region. The minimum
development size that can be considered as subregional

LEGEND,
ZzoO _Capacity
,l850--

q \Base Year volumne
2533.\---\ \Forecast year assignnent volune

\s"I"rr..d volune after redistribution

TABLE 46

TRAFFIC DATA FOR HIGHWAY LINKS CROSSING
SCREENLINE A-A "

LINK
DESCRIPTOR

BASE i I FÐRECAST

YEAR . ; YEAR
. CAPACIT¿

TRAFFIC . ASSIG{MH$I

æU}üT . 
VOLT]¡,TE

A-IB-
I\¡f,DE '}ÐDE

15

sob : 5lb

2:,L3

4:8

sl7

1,850 | 2,200 0

- , 3,OoOb ¿,ooob
l

5,000i7,800i9,200
':

2,500 t, 2 J5O 'i 2,500

2,650 3,500 ' ¿,gOO

ÏUTAI I2,000 ]-.9,250 i 19,50C

a. All traffic data is 2-directional and neasured
in vehicles per ìrour (irph) .

b. Link 50-5I is a ner"¡ link contributing additic'naL
capacity to ttre screerrline capacity ior ttre
forecast year.

development is determined primarily by major street
system spacing; if an alea is so small that it "falls through"
the spaces within the major street system and cannot be
integrated with the surrounding development pattern, then
it is better analyzed as a major generator. However, even
a small project should be analyzed by the subregional
development method if the project, together with its sur-
rounding development, can be conSidered as a uniform
land-use pattern extending over a substantial area.

Because the primary direction of flow normally estab-
lishes the size of the major street system in both directions,
Figure 103 reflects volume per mile and street requirements
in the direction of maximum flow, or primary direction.
Therefore, Figure 103 should be used for estimating pri-
mary direction requirements. If predictions of traffic in the
secondary direction arê to be developed, the degree of
directional imbalance and reduction factor should be esti-
mated from local traffic patterns in the immediate area.

To illustrate the general approach described previously,
consider the following scenario. A small, new town is
being planned within a developed subregion of a major
metropolitan region. As part of the planning effort for
this new community, an estimate of the street requirements
inside its boundaries is needed. The general characteristics
of this new land use are shown in Figure 111. The follow-
ing land-use and transportation-related information is avail-
able for the community.

1. Size of project or subarea, 3 X 3 :9 sq mi.
2. Anticipated population, 54,900 resulting in a sub-

area density of 6,100 residents per sq mi. Anticipated
population density of surrounding subregion, 4,000 resi-
dents per sq mi.
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Step AI: Unadiusted traffic volumes produced by

surroundíng subregion (Fí5. 1 03).

Given: Population density of surrounding subregion
:4,000

Therefore unadjusted two-way base volume: 17,000 ve-

hicles per mile of corridor in the cardinal

direction of maximum flow'

This volume is now to be adjusted for unique land-use and

transportation conditions of the new community and the

surrounding subregion.

Step A2: Adiustment factor, F", for density and

proiect size (Fíg. 104).
Given: Project size: 3 I 3 :9 sq mi

Subregion density to project density ratio - 4,000

: 6,100; i.e., 1 : 1'5

Therefore adjustment Lactor F": l'27
Step A3: Adiustment factor, F", for level of taffic

servíce (FiS.105).
Given: Level of Service: C
Therefore adjustment factor F. : 1.00

Step A4: Adlustment factor, Fo, for transit utílízation

(Fíe.106).
Given: Peak-period transit use : 10 percent

Therefore adjustment lactor Fn: O.97

a. AII traffic data is 2-directional and neasured in vehicles per hour (vPh).
b. Final, balanced volunes as a result of traffic redistribution.

3. Level of service desired on street network, "C"; i.e.,

high volume, stable flow through the network.
4. Anticipated percent transit utilization in subarea

during peak period, 10 percent.
5. Level of auto ownership for the project subarea, 1.7

autos per dwelling unit.
6. Number of jobs available inside subarea, 15,000

jobs. Resident labor force inside subarea, 30,000

residents.
7. Freeway location as shown in Figure 111, 2 mi from

nearest boundary of the subarea and 5 mi from the

farthest boundarY.
8. Four special generators located in the center of each

mile-wide corridor as shown in Figure 111' The generators

possess the following characteristics :

(a) Industrial park (warehouse, research) has 2,700

employees (exclusive of the 15,000 jobs in
item 6).

(b) Office center (governmental) has 600 employees
(exclusive of the 15,000 jobs in item 6).

(c) Shopping center (regional) has a ground floor
area of 580,000 sq ft.

(d) Hospital (general) has 300 beds'

Given all this information, the street system require-
ments methodology proceeds in the following manner:

Step A: Determine base traffic of subregion This step

includes several substeps as follows:
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Step A5: Adjustment factor, F", lor auto ownership
and income (FiS. 107).
Given: Auto ownership:1.7 autos per dwelling unit
Therefore adjustment factor F, :1.32

Step A6: Adjustment factor, Fu, for proiect non-
residential activity mix (Fig. 108).
Given: Number of jobs available and resident labor force

inside subarea is 15,000 jobs and 30,000 residents
(not counting special generators).

Therefore nonresidential-to-residential activity
: 15,000 : 30,000;i.e., I : 2:O.5

Therefore adjustment factor Fu :0.93

Step A7: Adjustment factor, Fr, lor lreeway dìversíon
(Fis.109).
Given: Freeway located 2 mi from nearest boundary

of the project subarea and 5 mi from the farthest
boundary.
For parallel streets (N-S), adjustment factor at
2 mi:0.90 and at 5 mi : 1.00

Therefore adjustment factor F, (N-S) : 0.90 + 1.00

:0.95
For perpendicular streets (E-W), adjustment
factor at 2 mi:1.05 and at 5 mi: 1.00

ratio
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AVERAGE DAILY MAJOR GENERATOR TRAFFIC
TO AND FROM GIVEN CARDINAL DIRECTION
(READ CURVE "C" ONLY)

2 LANES 4 LANES

AVERAGE NUMBER OF ACCESS LANES REOUIRED TO AND
FROM MAJOR GENERATOB IN GIVEN CARDINAL DIRECTION
(READ CURVES " A", " 8", " C", " O", OR "E'.l

Figure 110. Major generator average daíly volumes and lane requirements for
arteríals (l).

Therefore adjustment factor F" (E-W) : 1.05 + 1.00

:1.03
Step A8: Composite adjustment Íactor, FB.

For (N-S) movement,
Fs (N-S) : FzX FsX F4X F5 X .Fu X F, (N-S)

:1.27 X 1.00 X 0.97 X'1.32 X 0.93 X 0.95
:1.44

For (E-W) movement,
Fs (E-W) : FzX FBX. F4 X Fs X F6X. F7 (E-W)

:1.27 X 1.00 X 0.97 X.L.32 X 0.93 X 1.03
: 1.56

Step A9: Adjusted base volumes due to surrounding
subre gion d ev elopment.
For (N-S) movement,

Adjusted base volume (N-S) in the direction of major
two-way traffic flow : 17,000 X 1.44 :24,5OO vehicles
per mile wide corridor

For (E-W) movement,
Adjusted base volume (E-W) in the direction of major
two-way traffic flow: 17,000 X 1.56:26,5O0 vehicles
per mile wide corridor
Step B: Determine addítional traffic produced by special

generators. This step includes the following substeps:

Step B1: Traffic volumes to and from special genera,-

tors. Using the vehicle trip rates provided in Table 1,

Chapter Two, "Trip-Generation Estimation," daily vehicle
trips to and from each of the special generators shown in
Figure 11 1 are calculated as follows:

Given: Industrial park (warehouse), 2,700 employees
Trip rate :4.4 per employee

Therefore total daily trips : 2,700 X 4.4: ll,900
Given: Office center (governmental), 600 employees

Trip rate : 12 per employee
Therefore daily trips : 600 X l2:7,2O0
Given: Shopping center (regional), 580,000 sq ft gross

floor area (GFA)
Trip rate:34.7 per 1,000 sq ft GFA

Therefore total daily trips - 580,000 
"ffi:20,100Given: Hospital (general), 300 beds

Trip rate : 14 per bed
Therefore total daily trips : 300 X 14 :4,200
Therefore, total daily traffic generated by the special gen-

erators inside the new community is:
11,900 +7,20O + 20,100 + 4,200:43,40O trips (total to

and from)
Step 82: Traffic volumes by direction. In accordance

with the problem definition, street requirements are to be
estimated inside fhe new community. Therefore, Figure
110 is used to determine traffic volumes by direction of
flow.
Entering Figure 110 at 43,400 total trips, the average

daily traffic at level-of-service "C" is 10,800 trips in the
direction of major two-way flow for both the N-S and
E-W directions. Because each of these cardinal directions
contains three l-mile-wide corridors (see Fig. 111), the
traffic will be given by 10,800 --3:3,600 vehicles per
mile-wide corridor in each direction.
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Step C: Determíne total taffic and total street require-
ments. This step involves summation of the adjusted base
traffic volumes produced by surrounding subregion devel-
opment and additional traffic produced by special genera-
tors. Thus:

Step C1: Total traffic.
For (N-S) movement,

Total volume in the direction of major two-way flow
:24,50O + 3,600 : 28,100 vehicles per mile-wide
corridor

For (E-W) movement,
Total volume in the direction of major two-way flow
:26,500 + 3,600:30,100 vehicles per mile-wide
corridor

Step C2: Total street requirements. Figure 103 is
used here to estimate street requirements. Hence, for
(N-S) movement for a total volume of 28,100 vehicles
per mile-wide corridor, average number of lanes and spac-
ing required-for Z-lane streets: 4 lanes per mile-wide
corridor and ar/z-mile street spacing.

For (E-W) movement for a total volume of 30,100 vehicles
per mile-wide corridor; average number of lanes and spac-
ing required-for 4-lane streets: 5 lanes per mile-wide
corridor and a 7o-mile street spacing.

Figure 1lI. Land-use characteristics ol new town.

The choice among Z-, 4-, 6-, and 8-lane streets is left to
the planner's discretion and, therefore, alternate lane re-
quirement and spacing estimates could very well be equally
appropriate.

The problem, as presented in the new town scenario, is
now considered adequately solved.

Traffic Effects of a Development on the Surrounding
Areas

Until now, discussion has centered around the estimation
of traffic impacts and associated street requirements inside
the project/subarea development. Generally, a develop-
ment is small in area compared to the region in which it is
located, It is, therefore, reasonable to assume (as has been
the case in the previous discussion) that street usage will
be fairly uniform within the development boundaries; as

such, the geographic orientation of traffic flow and its
attenuation (decay) has not been given explicit treatment.
However, for determination of traffic impacts outsìde a
development; that is, on areas surrounding the development
land use, the geographic orientation and attenuation of trips
emanating from the land use must be considered. The
underlying rationale here is: the orientation of trips; the
quantity of trips; and trip length to and from a land use
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are dependent on the size and location of the attractive
forces around that land use. Only after trip orientation and
attenuation have been determined, can street requirements
be estimated for the surrounding areas. The method sug-
gested for obtaining orientation is identical to that docu-
mented in Chapter Three, "Trip Distribution," and is ap-
plied subsequently.

It is important to note, however, that if the project covers
a land area greater than I sq mi, then intra-area trips must
be accounted for before determining the traffic impacts
on the surrounding subregion. If the development is less

than 1 sq mi, then intra-area trips can be neglected for
purposes of quick estimates.

Consider the shopping center inside the new town
described previously. Suppose that this new town is
located in the northeastern quadrant of the study subregion
as shown in Figure ll2. lf is desired that street require-
ments in terms of number of lanes and spacing be estimated
in the south-south-western (SSW) sector of the subregion.
For illustration purposes, the street requirements are to be
attributed exclusively to traffic generated by the shopping
center in the new town. (Note that in the final analysis of
total traffic impacts, these requirements and impacts should
be superimposed on those already existent in the south-
western sector of the subregion, in addition to the street
requirements attributed to the residences and other special
generators within the new town.)

The methodology is applied as follows. Notice that in
the following application, the productions and attractions
have been interchanged; that is, the shopping center is
conceptually considered the producer of trips and the
residences in the subregion are considered the attractors
of these trips.

Step 1: "Production" trip ends due to the shoppíng
center. Trips "produced" daily by the shopping center
(at 34.7 trips per 1,000 sq ft for the 580,000 sq ft GFA
shopping center) :20,100 trips (see Step B1).

Step 2: Accumulate "attraction" tríp ends by sectors by
travel time bands. The 5-min travel time bands for trips
originating from the shopping center of the new town to
all other areas in the subregion are delineated as shown in
Figure ll2. Simple approximation and judgment is

sufficient in locating these bands and no elaborate methods
are necessary. "Attraction" vehicle trip ends are then
computed for residences in the time bands within sectors
(using techniques described in Chapter Two). Thus, for
example, there are 1,000 attraction trip ends in the 5-min
band of SSW sector, 1,300 trip ends in the l0-min band,
and the like. (In this example, eight sectors and four 5-min
time bands are used: the user can, of course, subdivide
the study subregion into more sectors and can delineate
finer time bands if more accuracy is desired.)

Step 3: Compute accessibíIity indices by sectors by
travel tìme bands. 'Ihe accessibility index for any sector
is given by:

s : sector of the study subregion;
B : travel time band;
As: attraclion trip ends for travel time band B within

sector .r;

/s¡ : travel time from origin to centroid of time band B
in sector s3;

å : constant exponent for gravity model-function of
trip purpose.

Assume that b : 3 (shopping trips) for this example
(see Table 8, Chapter Three, for ó values by trip purpose
by urbanized area population). Equation 18 is then given
by:

(1e)r^: f Au
' l=r ú3"¡

The accessibility indices for the eight sectors in the study
subregion are calculated as follows:

4oo 2oo -1!9*-lL :3.44for secror rxr: 
5a * 1ga+ * +2gB :r''++l(Jr

soo 4oo lgq*llq :4.44for sector 2*z: 
5a * 1ge 

* 15, 20.

And so on. Thus,
l
I

I
I

I

l

i
l

:a]
{e$Ã1

L

L

ãj

h:3.44
xz:4'96
xs:9'7O
xz :0'90

xz:4'44
JcA:6,06
xe :3'19
xe:0'73

Step 4: Calculate trips lrom the shopping center to each

sector (geographic orientation). Vehicle trips from the
shopping center to any sector in the study subregion can be
calculated by using:

(20a)

where

?¿" : trips from origin i to sector s;
P¿ : trips generated at origin i;
Ís : âcc€ssibility index for sector s.

(Note that Eq. 20a is merely the gravity model formula-
tion.)

For the present example, the equation is given by:

20,100.r"
I ¿s 

: ----€--
I¡"
a=1

20,100 xu

3.44 + 4.44 + 4.96 + 6.06 + 9.70
+ 3.19 + 0.90 + 0.73

_ 20,100 x"
33.42

(20b)

Hence, trips from the shopping center will "spray out"
(distribute) to the eight sectors of the study subregion in
the following proportions :

* Thus for the 5-min time band, this travel time would
actually be 2.5 min. For the 10-min time band, it would be 7.5
min; for the 15-min time band, it would be L2.5 min, and so on.
Note that for the example, the 2.5-min adjustment has been
neglected.

P. x^
t :- 

- 

-

1ùt

I¡*
s=1

*':L4u' f,=1tb"n

where

rs : âcc€sSibility index for sector s;

( 18)
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l

r',

T¡': 20,100 x 4.44 :2,67O trips

T¿z:2,670
T¡n:3,645
T¿a: l'919
T¿e: 439

33.42

And so on. Thus,

T¿t:2,069
T¿s:2,983
T¿s:5,834
T¡,r: 541

Note that:

8

2 To,:2,069 + 2,670 + 2,983 + 3,645 + 5,834
a=1 

+ 1,919 + 541 +439 : 2o,1oo trips

Because of the calculations carried out previously, the
geographic orientation of the trips is now known. Thus,
for the sector under study [i.e., sector 5 (SSW)], there are
5,834 trips.

Step 5: Calculate tips from the shoppíng center to each
time band (attenuation) within the study sector. Trips
from the shopping center to any time band within any
sector can be computed by using:

oAn
T¿",n:'+ era)

-ì"'
where

Tì¡p: Trips from origin I to time band B in sector s.

Because trips are to be calculated to time bands within
sector 5 (SS\ry), the equation is given by:

20,100 x 3.44't .-: :2.069 trips'r' 33.42

2s,rcs4L
L5B

t is,B: 3T4Z

zo,too* t':90

T.̂Nõ'Þ T.4z

20,100 
" +P

shopping center would use the street network, with. 4,812
trips eventually "dropping off" and the remaining 1,O22
trips (5,834 - 4,812) passing through to the 10-min time
band.

In time band 10, 1,022 trips would use the street net-
work, with 783 trips dropping off and the remaining 239
trips (1,022-783) passing through to time band 15.

The attenuation (and street use) is shown in Figure L 13.
Step 6: Estimate street requirements due to traffic Írom

the shopping center. Because street network use is now
known in all the time bands within study sector 5, it is
relatively simple to estimate numbers of lanes and spacing
required. For this purpose, Figure 103 is employed. So,
for the 5-min time band, there are 5,834 trips on the street
network (Fig. 113). Average width of the band is approxi-
mately 2 mi and, therefore, volume per mile-wide corridor
is 2,917 trips (5,834 -:2). For this traffic volume, Figure
103 indicates that two, 2-lane streets at 2-mi spacing would
be adequate to handle the traffic.

For the 10-min time band, there are 1,022 trips on the
street network. Average width of band is approximately
3 mi and, therefore, volume per mile-wide corridor is 341
trips (1,022 -=3). For this traffic volume, Figure 103
indicates that one, 2-lane street would be sufficient.

And so on for the remaining time bands. Because trips
drop off rapidly, trip ends in the outer time bands will be
small in number and therefore the street requirements
owing to the shopping center would be negligible.

It should be remembered that these requirements cor-
respond to traffic generated only by the shopping center
in the new town. In reality, however, this traffic should
be superimposed on "other" existing traffic, in addition to
that generated by the remaining special generators and
residences in the new town. This would provide the total
traffic and the corresponding street requirements.

Street requirements can be estimated for the other seven
sectors in the same manner as that described previously.

TRAFFIC-SHIFT METHODOLOGY FOR CORRIDORS

For corridor analysis, often a sketch-planning-quick-
response-technique is desirable to evaluate the effects of
an improvement in one of the facilities in the corridor.
Such a process, if it is to be applied quickly, should not
consider origin-destination movements but rather a general
shift of traffic between facilities. Such a process has been

suggested by the multiroute probabilistic process developed
by Dial (55). The required equations for the usual two
competing-route problem are as follows:

V^tr: (22)

(23)

(24)

(zrb)

Hence, trips from the development will "drop off" in
the four time bands within study sector 5 as follows:

r ds,to -
: 783 trips

: 179 tripsT¿u,tu

33.42

20,100 x +#
33.42

20,100 x #
L + eo (t*- tù)

eo (t,,- to)

' (Vr)

(V r)r is,zo - 33.42
60 trips

Note that:
4

E T¿',n: 5'834 triPs

The attenuati"" i, ,n" trips from the shopping cenrer to
study sector 5 is now known. Hence, it can be expected
that for the 5-min time band, 5,834 trips produced by the

where

Vmtr: volume on minimum time route;
0 - diversion parameter;

Và
1 + eo (tm,- tù)

"v¿
^ "v*,

t",, - t¿
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tm : time on minimum time route;
ti : time on alternate route [Noúe: (t* - t) is

always negaitvel;
Vr : total volume on two facilities (Vr:V*t, * V¿);
V¿ : volume on alternate route.

The process assumes that current traffic volumes and
operating characteristics for a base condition are known.
These data may be obtained from traffic volume counts and
speed/delay travel-time studies or from the results of the
planning process. To describe application of the process,
the following simplified example is offered. The two com-
peting facilities example is shown at the top of Figure 114.

To calculate the diversion parameter (based on existing
volumes), the function given in E,q.24 would be used as

follows:

Where three competing facilities exist in a corridor, the
process must be applied twice, with the calculation of two
d values. Assume routes A, B, and C as shown in the
lower half of Figure 114. The á for route pair A and B
would be calculated as shown previously and equals 0.367.
Using Eq. 24, the á value for route pair B and C would be
calculated as follows:

1- 800
'" 1.240 -0.4380 - ---:::::-'"-J : o.21g" t2-t4- -2.O

(2s)

: O.75 (26)

A section would

(27)

' (871 + 800) : 1,016 vph

(30)

(31 )

: 655 vph

(32)

l!¿o'zts(a2-a4,

e 0.279 (72-L4\

To calculate the effects of the improvement in route A
to 50 mph, the volume on routes A and B would be cal-
culated at 7,869 and 871, respectively, as shown previ-
ously. To calculate the effect relative to routes B and C
the following computations would be made:

1_ 1240
'" 7500 -1.8A _ -._ :0.367v - 7.1 - lLo- -4s

V*tr:

V¿: (1671)
This parameter describes the diversion of traffic between

the two routes being considered. Assume an improvement
is to be made in route A by adding another lane in each
direction. A speed of 50 mph for the improved facility is
estimated based on a capacity calculation using the original
volume of 7,500 vehicles. The volume-to-capacity ratio
would be developed from:

7,500 vph

These calculations may be iterated a few times to bring
the results to a more stable condition. For example, now
considerirtg the volumes of 7,869, 1,016, and 655, a new
calculation between routes A and B would result in volumes
of 8,000 and 885 for A and B, respectively. The three-
route case for a corridor is unusual; generally, only two
competing routes will be handled.

Capacity analysis should be considered as part of this
traffic-shift analysis. After the process is applied, volume/
capacity/speed calculations should be performed to deter-
mine if the resulting speed is in balance with the speed used
in the preceding described process. If not, the new speed
should be used to re-do the calculations.

TABLE 48

VARIATION IN TRAFFIC VOLUMES WITH CHANGES
IN SPEED

BASE CoNDITIoNS: 5 Mìle Section
I Route A Volume 86%

Route A Speed = 42 mph; Route B Speed = 25 mPh

L+eo.27s(72-74)

I

5 lanes X 2,000 vph capacity

The travel time for the 5-mi route
then be calculated as:

5 mi 60 min; rX --:------ :6.0 minfUml hr

Based on this improvement, a new estimate of the aver-
age volumes can be calculated using Eq. 22 atd 23 as

follows:

Vn tr: l¡¿o.sez (6.0-12.o) (7,500 + 1,240) :7,869 vph

(28)

e 0.s6? (6.0-12.0)
vd-

| ¡ ¿o.'tsz (6.0-12.0) ' (8,740):871 vph

(2e)

The volume-to-capacity ratio for route A would now
be 17,869/ (5 X 2,000)1, or O.79 resulting in a speed of
about 48 mph as calculated from capacity curves. Route B
would carry about 871 vehicles per hour. Another iteration
of the process could be carried out to try to effect a closer
relationship between volume and speed, but for sketch-
planning purposes and because of the inaccuracies of vol-
ume,/capacity,/speed relationships, especially for arterials,
it is not expected to improve the results. Only if a large
imbalance exists in resulting volumes and speeds should
additional iterations be tried (i.e., greater than 5 mph
difference between input and calculated speeds).

To demonstrate how the foregoing process handles
variations in operating conditions, Table 48 is provided
for the example case described previously.

SPEED Difference In
Travel Time =
Route B -Route A

f Volume
0n

Route BRoute A Route B

30
35
40
+5
50
55

25
25
25
25
25
25

-2.0
-3.4
-4.5
-5.3
-6.0
-6. 5

67
78
84
87
s0
92

30
35
40
45
50
55

35
35
35
35
35
35

37
50
60
67
7?
76

30
35
40
45
50
55

45
45
45
45
45
45

+3.3
+l ,9
+0.8
0.0

-0.7
-1.2

?3
33
43
50
56
6l
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Usually, a number of sections will exist along each
facility in a corridor where volumes and speeds may vary.
The approximate speeds and section distances should be

used to calculate section times added to obtain the total
time through the corridor. An average volume should be

used based on the calculation:

A-verage _ Ë (Volume inlSection-X Section Length) (33)
Volume - lSectionLengths

Traffic shifts can also be determined graphically by
using a simple set of curves as shown in Figure 115. In
order to use the graph, the user has to know at least two
variables:

1. If the diversion parameter, d, for routes within a

corridor is to be determined, then the user must input the
percent volume on the minimum time route; that is,

Vrr¡r, ãttd the travel time difference, 
^f, 

between the faster
and slower routes; that is, (tr, - t¿) .

2. If the percent volume on any route is to be deter-

mined, then the user must input the diversion parameter

d and the travel time difierence ¡r. Note that in all cases,

the following relationships hold:

lo V*r, * V¿: l0O% and
at : t,o - t¿ 10 (alwaYs negative) (34)

¡l,¡lZ
B)

tul2
c)

Usually, the diversion parameter is first determined for
a corridor, given travel volumes and travel times on the two
routes. Then to study the effects of a travel time change on
any one route, d is held constant and the new volumes
determined.

To illustrate the use of the graph shown in Figure 115,

consider the example illustrated in the upper portion of
Figure 114. In the condition shown, the user knows the
following variables:

v - 
V''t' trOOY mtr - 

--;;-
V^¡r * V¿ "

- 
7'5oo .- X loo: BS.Bvo-7,5coT1:lr /\ ¡vv-vJ'v

therefore

Vo V¿- 100 - 85.8 - t4.27o (35)

Ãt: tn- t¿

:7.1-12:-4.9min (36)

By entering the curves in Figure 115 at V*tr:86 per-

cent and Lt: -4.9 min, á is interpolated at 0.37, which

checks with that calculated mathematically in the example

described earlier.
Now suppose, as before, route A is improved so that the

t ¡rD- rr .rr r 
- -l

g r-;ll¿

I
Ibo
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travel time on this route is reduced to 6 min from the
original 7.1 min. Thus,

At:6 - L2: -6 min

Entering the graph in Figure 115 at At:-6 min and
0 :0.37 , the corresponding %V*¿, is read off at 90 percent
and VoV¿ at lO percent. Because the total volume entering
the corridor is known to be 8,740 vph, then:

-2{C

arÞ
(38)

These results check with the values of V^r, and Vo

obtained in the previous example.
Thus, the graphical method is accurate and quite simple

to use, and it is recommended if time savings are to be

achieved in the application of the traffic-shift methodology.

vr: # x 8,740: 874 vph

v*t, :# 
" 

8,740 -7,866 vph (37)

4-þ-.11-3
/ trov"L' -t;,¡ e å¡.mø-." \
I W+rrtært vre fiosfu and I

\ St"r<n rqrtes= / 
:

\ tn^-t¿

CHAPTER EIGHT

CAPACITY ANALYSIS

INTRODUCTION

An important analytical question is how much system

is required to satisfy the estimated travel demand or, how

much traffic can the existing system accommodate before
it breaks down. It is interesting to note that procedures
to address these questions were developed for the Highway
Research Board (HRB) and, as practiced by most profes-



sionals, are manual procedures.
It is not the intent of this chapter to duplicate the

contents of the Híghway Capacity Manual (56). Most
procedures described therein are designed for manual
application. The intent of the procedures described herein

is to present capacity analysis in a simplified form so that
it is compatible with other phases of the transportation
planning process.

Highway volume/capacity (V/C) evaluations are con-
ducted at two levels of detail. The more rigorous of the two
is for designing facility configuration and operation; that
is, traffic engineering design applications. The other is for
conducting systems analysis to assess the ability of the
general system configuration to move the required amount
of traffic at a satisfactory service level. It is the latter
application that should be addressed with the procedures
presented in this chapter. If the user desires to advance the
capacity evaluation to a greater level of detail, the more
traditional analysis procedures should be applied.

BASIS FOR DEVELOPMENT

The techniques included in this chapter have been
selected to respond to the types of problems anticipated to
be subjected to evaluation using the procedures of this
user's guide. In general terms, such techniques are viewed
to be either intersection problems or corridor problems
stemming from a site/special generator analysis. Each type
of problem is addressed in this chapter; the techniques
described have basic similarities but vary in actual applica-
tion. The similarities stem from the fact that capacity,
whether for a link or for an intersection, is generally
determined by the characteristics of the intersections in-
volved. Consequently, each approach to the two basic
problems involves calculating capacity conditions at inter-
sections.

The intersection, by definition, is site-specific and viewed
as an entity, whereas the corridor problem is analyzed in
terms of general aggregate volume/capacity conditions
within the corridor. The latter could be investigated by
facility; however, it is recommended the more detailed
procedures in the Híghway Capacíty Manual be used for
that level of detail.

The operating condition of a highway facility is gen-

erally measured using the level-of-service concept (56) -

Level of service has been stratified into six classes defined
as follows:

LEVEL OF SERVICE OPER.ATING CONDITIONS
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Unstable flow, high volumes ap-
proaching roadway capacity, limited
sPeed (= 30 mPh), intermittent ve-
hicle queuing.
Forced flow, volumes lower than
capacity due to very low speeds.

Heavy queuing of vehicles, frequent
stoppages.

The user will need to decide the level of service to be
used as the benchmark or operating goal. The decision may
depend on several factors, including financial resources

to correct defrciencies, public opinion, and established
policy. Chapter Nine, "Development Density/Highway
Spacing Relationships," discusses "least-cost" solutions that
may assist in selecting a benchmark. (See Fig. 130 in
Chapter Nine.) Historically, level-of-service "C" (59) has

been used for evaluative purposes and is referenced as the
benchmark for the remainder of these capacity discussions.

The user should, however, differentiate between a desirable
operating capacity and the physical or maximum capacity
of a facility. The analyst may select a desirable operating
capacity not to be exceeded-such as level-of-service "C"
6¡ '!þ"-þr¡f physical capacity is defined at level-of-service
"E' (5ó). Thus, capacity relationships are, in these proce-

dures, reported assuming capacþ at level-of-service "E"'
There are two basic and independent indicators of level

of service-the volume-to-capacity (V/C) ratio and the
operating speed. Where applicable, these procedures use

only the V/C ratio to assess service levels. For further
discussion of these concepts the user is directed to the
Highway Capacíty Manual (56).

Determination of Intersection Gapacity

The intersection capacity analysis for use in site-planning
applications is based on the "Critical Movement Summa-

tion" technique developed by Mclnerney and Petersen
(57). The technique has been adopted by many local
and regional planning agencies for use in development im-
pact studies (58).

The technique does not actually calculate intersection
capacity but, instead, calculates a critical intersection
volume and compares that volume against a benchmark
intersection capacity that is stratified by level of service.

Table 49 gives the capacity ranges of an intersection for
each level of service.

TABLE 49

INTERSECTION CAPACITY BY LEVEL OF SERVICE

E

F

A Free flow, low volume, high-operat-
ing speed, high maneuverability.
Stable flow, moderate volume; speed
somewhat restricted by traffic condi-
tions, high maneuverability.
Stable flow, high volume; speed and
maneuverability determined by traffic
conditions.
Unstable flow, high volumes, toler-
able but fluctuating operating speed
and maneuverability.

LEVEL OF SERVICE

RANGE OF

cAPÄcrrY (VPH)

A
B
C
D
E
F

C

D

0 900
901 1,050

1,051 1,200
l,2ol 1,350
1,351 1,500

(Special case) 1,500
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It is recommended that the intersection capacity "standard"
be defined as level-of-service "C" although final determina-
tion of what might be termed a "satisfactory operating
level" rests with the user.

Input Dãta Requirements

It is assumed that the user would undertake an inter-
section capacity analysis after vehicle trips have been
assigned to the highway network. The user is required to
furnish the following information for the intersection:

o Number of approach lanes-defined as the number of
through lanes operating in the intersection.

o Exclusive-use lanes (left turn, etc.) need to be noted
but are not considered as approach lanes.

o Volumes and turn volumes for all allowable inter-
section movements for the peak hour. (The user is directed
to Chapter Six, "Time-of-Day Characteristics," for con-
verting average daily traffic (ADT) volumes to peak-hour
volumes.)

o Special operating characteristics that might affect
lane volumes, such as free right turns, also need to be
identified. This turn traffic should be subtracted from
the appropriate approach-lane volume.

It is desirable if the user can provide volumes for each
lane, although it is recognized it might be extremely difficult
or impossible to do so. The following data allow conver-
sion of a total directional through movement into a lane
volume.

APPROÄCH LANES LANE-USE FACTOR

Þ'igure I16. Traffic data for íntersection capacíty analysis.

step is not necessary.) Thus, with reference to Figure 116,
this step would yield the following results:

\
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DIRECTION

NET APPROACH

vol-.
LANE-USE LANE
Få,CTOR YOLUME

1

2
3

4

1.00
0.55
0.40
0.30

1,000
800
750
700

0.55
0.55
0.55
0.55

550
440
413
385

Northbound
Southbound
Eastbound
Westbound

The lane-use faêtors exceed the inverse of the number
of approach lanes to account for the unequal distribution of
travel between lanes. In efiect, the user desires to know the
maximum traffic in an approach lane.

The Critical Movement Summation. Technique

This technique defines the critical movement volumes as:
"The volume of travel represented by the highest lane
volumes of opposing travel (through and left turn) from
both the north-south and east-west directions that occurs
during the peak hour."

The definition is better understood through an example
application. Figure 116 shows the information available
to an analyst for intersection capacity evaluation. Volume
numbers shown represent vehicles occurring during the
peak hour. If the analyst has only ADT volumes available,
they must be converted to hourly volumes. The user would
then proceed as follows to determine the operating level
of service.

1. Determine the net approach volume (through vol-
ume) and multiply by the appropriate lane-use factor to
obtain lane volume. (If lane volumes are available this

2. Determine the critical lane volume for each approach
as follows:

N-BOUND S-BOUND E-BOUND W-BOUND

Through volume
Opposing left-

turn volume

Total

550

1.75

725

440

200

640

413 385

150 100

563 485

3. Select maximum of N-S volumes and E-rü volumes
and sum to determine Critical Movement Summation
(cMs).

CMS : Northbound * Eastbound
CMS:725 + 563
CMS: 1,288 vehicles

4. Compare CMS to volume ranges given in Table 49 to
determine intersection operating service level.

Thus, from Tabte 49, the user can conclude that the
intersection described by Figure 116 is operating at level-
of-service "D,"

Fígure 116. Traffic data for



The example described previously contains conditions

anticipated by most intersection configurations except

oo"-jth" unpiotected Ieft turn. In that instance the user

should calcuiate the lane volumes as previously described

but should add the left-turn volume to the critical lane

volume to account for turbulence caused in the through

lane by the left-turning vehicles.

DETERMINATION OF CORRIDOR GAPACITY

The objective of the corridor analysis is to produce an

assessment of volume/capacity relationships for the cor-

ridor. The technique to accomplish this objective is com-

prised of cutline evaluations within the corridor and the
'subsequent 

preparation of a "Facilities Stress Diagram'"

Each element is described more fully in the following

paragraphs.
^--¿!:-^^ ^-^ ^+r^+Ã^:^ô11., nlr¡p¡l lines nrthoponal to thg
\,utrrllçù aIç ùL¡4rv6rvs¡¡J rt4Yve

direction of the travel being aîalyzed and defrne points

on the highway system that can be termed a "cross-section

for analysis." Figot" 117 shows a schematic representation

of a coiridor with the cutlines defined' Five cutlines are

shown for the analysis of travel estimated in the north-

south direction. As shown later, the procedure requires an

estimation of capacity for each facility (i'e', for routes A'

B, and C) at each point of intersection with each cutline'

The user can analyze the results of the preceding ap-

proach in one of the two forms:

1. The user may aggregate the volumes and capacities

across a cutline to obtain a corridor volume-to-capacity

relationship (in preparation of a facilities stress diagram)'

2. If th; ut"t tt"t balanced the assignment volumes (see

Chapter Seven, section entitled, "Distribution of Assigned

Volumes Among Available Facilities"), an analysis of

the V/C relationship can be made independently for each

facility (4, B or C).

The user is cautioned in using the form in item 2'

because the level of detail of the capacity investigation may

be inconsistent with other travel-estimation procedures in

this user's guide. The analyst will need to impose technical

judgment to determine if such detailed investigations are

appropriate.
the facilities stress diagram is a plot of the V/C ratio

for either the entire corridor (after summing volumes and

capacities across each cutline) or a major facility (as in

Fig. lL7 for routes A, B, or C) '
l{n example of a facilities stress diagram is shown in

Figure 1i8. The diagram rePresents the corridor shown in

filut" 117. The datum (horizontal line) represents the

beichmark level of service, measured as a V/C ratio at

which the analyst desires the system to operate' In viewing

the diagram, th" t."t can see both where the system is

congestãd (over capacity) and where surplus capacity

exiJs in the corridor. The user might conclude from the

diagram that a large volume of traffic is leaving the

"oriido, 
[probably from the freeway (route B) at the inter-

"tung" 
bËtween ðutlines I and 2i, resulting in a surplus of

""puáty 
between cutlines 2 and 4. Traffic begins to build

.rp U"t*"ttt cutlines 3 and 4, probably because of entering

fieeway volumes at the southern interchange'
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Input Data Requirements

The corridor capacity analysis procedures require input

data for two purposes: (1) to provide sufficient traffic

volume data to allow for a Y / C determination for the

facility; and (2) to determine the capacity for each facility
(physical and operating characteristics) .

The flrst item relates to assignment volumes' Assignment

volumes are needed in the form of directional peak-hour

volumes for application to the capacity-analysis procedures'

They may require manipulation inasmuch as most volumes

are produced in ADT form' The task is not as laborious

as ii might seem at first. The user is directed to Chapter

Six, "Time-of-Day Characteristics," where sufficient infor-

mation has been provided to convert ADT assignment

volumes into hourly directional volumes.

The second category of required input data describes
+1.- orrril.rrrao nf rhe facilitv and includes several items.

Input requirements need to be stratified into two cate-

gori".-ti"eway and nonfreeway' Freeway capacity is

ãalculated using a different procedure from that used for

arterial facilities (56).

Freeway/Expressway Capacity Galculation

Conditions such as access' parking, and the like, are con-

trolled on freeways and expressways and, consequently'

make the capacity determination for high-design facilities

less compficãted than is experienced for arterials' To

facilitate th" 
"^t" 

with which the user can determine free-

way capacity, average assumptions have been made regard-

inj operating conditions. Table 50 gives the resulting

"ulp""iti"t, 
considering these assumptions, in a form that

requires the user to provide only the number of lanes

(pàr direction) in order to determine facility capacity' The

capacity quantities assume a peak-hour factor of 0'85+ and

tO p"t""nt trucks' Volume-to-capacity (V/C) ratios are

p.ouia"d to give the analyst an idea of the maximum usage

rates a freeway should experience for any given service

level. It must be noted that V/C tatios and' operating

speed determine level of service; therefore, the V/C rela-

tionships used to determine service level are approxima-

tions.
Table 50 contains data, by level of service' for three

strata of facility sizes (2, 2, and 4 lanes per direction) and

an additional column to "add-on" capacity for each lane

over 4 lanes. The capacity (2, 3, and 4 lanes) represents

total roadway capacity for the direction of travel'

An example is provided to stress the interrelationship

between capacity, Y / C rutio, and level of service' A 2-lane

per direction freeway has a capacity of 3'600 vehicles per

irour (capacity: level-of-service "E") with a correspond-

ing V/C ratio of 1.00. If level-of-service "C" is the

desired operating condition, the facility should operate at

65 percent, or less (V/C:0'65), of available capacity'

Stat^e¿ ¿itrerently, the capacity of the facility at ttLe desired'

level of service is 2,25O vehicles per hour'

--P*k-h-"f"ctoristhefatioofthepeak-hourflowtotwelve
ti."t iää;;"k s-;it flow that occurs during the peak hour'
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Figure 117. Transportatíon comidor,

Urban Arterial Capacity Calculation

In terms of capacity determination, urban arterials can_
not be generalized as easily as freeways. The capacity
techniques, therefore, provide the user with the flexibility
of considering local conditions for several operating vari_
ables or of using default (average) values. For most cases
a simplified table should be sufficient; thus, Table 51 from
which capacity c4n be determined has been provided (ó0).

Link capacity on urban arterials is generally controlled
by intersections. Obviously, occasional situations arise
where mid-block (link) conditions control link capacity.
In such cases, the user will be required to exercise judg-
ment, using local information. Except in cases where mid_
block conditions control the link capacity, the user should
be guided by the following rule: link capacity is equal to
the capacìty ol the most restricted interseètion on the link.

The following list represents the variables that should
be considered to determine urban street capacity:

l. Approach width must be determined by the user.
Approach width is equal to the curb-to-curb street width
for one-way streets and the painted centerline-to-curb
street width for two-way streets. Boulevards are considered
as two one-way streets with the approach width of each
measured from the median edge of the roadway to the curb.
Approach width excludes any special-purpose (i.e., turning
bays) lanes.

Corridor
Boundary
Cutline
Highway
Net\^7ork

2. Load factor is assumed equal to 1.0 in the simplified
table provided. This corresponds to a level-of-service ,,E"
which represents available capacity. Load factor is defined
as the number of green cycles that are fully used in the
peak hour, divided by the number of available green cycles
occurring during the peak hour.

3. Peak-hour factor (PHF) is equal to the observed
peak-hour volume divided by four times the volume
obse¡ved during the peak 15 min of the peak hour. The
simplified table assumes an average pHF of 0.85 (59).

4. The urbanízed area population Íactor is used to adjust
table entries. The facto¡s correspond to similar stratiflca-
tions in other sections of this user's guide. (See Table 51.)

5. Other adjustment factors have assumed values for
the simplified table that represent average conditions as
follows:

FACTOR ASSUMED Ä\.ERAGE

?urt
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showing cutlines for coruidor capacity analysis.

Percent commercial vehicles
Percent left turns
Percent right turns
Bus stop factor

5
10

10

1.0 (no bus stop)

The user may proceed to use the simplified table if the
foregoing assumptions are acceptable. If not, the user may
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Fig¿¿re 118. Facilities stress díagram.

construct a simplified table with different assumptions (5ó)
or use directly the detailed nomographs described'

Seven detailed capacity nomographs (Figs. 119 through
lZ5) are provided for the analyst to determine link
capacity. Nomographs are presented for the following
operations:

. One-way streets-No parking Figure 119

. One-way streets-Parking one side Figure 120

. One-way streets-Parking both sides Figure 121

. Two-way streets-No parking Figute 122

o Two-way streets-With parking Figure 123

¡ Rural two-way streets-No parking Figure 124
o Capacity conversion for green/cycle

(G/C) ratio Figure 125
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The charts arLalyze urban arterial capacity through a
known approach width using turning lines (TL) to adjust
for previously mentioned factors. Figure 126 shows by
example the use of the nomographs. For the example, the

following information is given:

One-way street-No parking
Approach width-3O ft
Peak-hour factor-O.85
Urbanized area pop.-3 (i.e., 100,000-250,000 pop.)
Facitity location-Central citY
Percent commercial vehicles-S
Percent left turns-l0
Percent right turns-10
Bus stops-None

l. I

rl

-?ffrcN,:É 
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TABLE 50

FREEWAY/EXPRESS\ryAY CAPACITY MEASURES (TOTAL VEHICLES PER HOUR)"

gources ¡tighwáv Capacitv Manua1 (56).

Calculated at a load factor of 0.85; assulrEs lot trucks'

Not r¡Eaningful .

Approximates 4 lanes per direction Y/C values.

Varj.es from 0 to capacitY (E).

a.

b.

d.
e.

€:l.ÊÉDzz
te.rre.àe^Jê

V/c. r-Ée€,r-)

,EVEL OF SERVICE PER
2 I,ANES

DIRECTION
3 LANES

PER DIRECTION
4 I,ANES

PER ÞIRECTION
EACH LANE
OVER 4

V/C I CAPACITY"
I

--v7T
-CAPÀCITY

v/c CAPACITY v/c CAPACI'IY-

A

B

c

D

E (CapacitY)

F

< 0.3s

-0.s0

<0.6 s

<0.7s

<r.00

12 50

1800

2250

27 00

3600

e

<0.40

=0.60
10.70

<0.75

< r.00

c

2200

3200

360 0

4 r00

540 0

e

<0 .45

?0.6s

<0.70

?0.7s

<1.00

c

31 00

4500

50 00

54 00

7200

e

cl

¿t

Ct

d

d

c

900

13 50

r350

13 50

180 0

e
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The steps necessary to deter¡nine the capacity of an
arterial are as follows:

l. Select peak-hour factor:O.85 and move vertically
to intersect urbanized area 3; then, move left horizontally
to the pivot line, P.

2. Using the point on the pivot line, lay a straightedge
from that point to the proper approach width and mark
the intersection with TL i.

Not¿: Entire approach width is used if no turning
bays are provided. If turning bayS are provided, sub-
tract turning bay width from approach width and
assume percent left and,/or right turns (whichever is
appropriate) equals 0.

3. Using the point on TL 1, lay a straightedge between
TL 2 and "central city" and note the point the straightedge
intersects'[L2.

4. Using the point on TL 2, lay a straightedge between
TL 2 and "5 percent commercial vehicles" and note the
point the straightedge intersects TL 3.

5. Using the point on TL 3,lay a straightedge between
TL 3 and 10 percent right turns and note the point the
straightedge intersects TL 4.

Note: One-way and two-way streets-No parking.
For approach widths of from 76 to 24 ft, use the
left-hand scale. For approach widths of 25 to 34 flt,

TABLE 51

GENERALIZED CAPACITIES OF URBAN ARTERIALS

use the right-hand scale. For widths of 35 ft or more,
use the point representing 10 percent right turns.
One-way and two-way streets-With parkìng. For
approach widths of. 2l to 29 ft, use the left-hand
scale. For approach widths of 30 to 39 ft, use the
right-hand scale. For widths of 40 ft or more, use
the point representing l0 percent right turns.

6. Using the point on TL 4, lay a straightedge between
TL 4 and 10 percent left turns and note the point the
straightedge intersects TL 5.

Note: Lay a straightedge between the point on TL 4
and the proper percentage of left turns. The follow-
ing special instructions relate to the use of the left-
turn scale.

One-way streets-No parking. For approach widths
from 16 to 24 ft, use the left-hand scale. For approach
widths from 25 to 34 ft, use the right-hand scale.
For widths of 35 ft and over, use the point represent-
ing 10 percent left turns.
One-way streets-Vlith parkíng. For approach widths
lrom 2l to 29 flt, use the left-hand scale. For ap-
proach widths from 30 to 39 ft, use the right-hand
scale. For approach widths over 40 ft, use the point
representing I 0 percent left turns.
Two-way sty¿¿ts-l{s parking. For approach widths

ADJUSTED CAPÀCITY(IIPH OF GREEN)=

(POSSIBLE CAPACITY) x

(URBANIZED AREA POP. ADiI. FACTOR

x (LOCATIoN AD,I. FAcToR)

ASSUMPTIONS:
PK HR FÀCTOR =. 0.85
t COMTL VEH = 58

t RT TURN = 10t
* LT TURN = 10t
BUS STOP FACTOR = 1.0

a. Do not adjust for
shown is adjusted

urbanized area population or location. Capacity
capacity.

POSSIBLE CAPACITY (VPH OF GREEN)

ONE WAY
PARKING.
ONE SIDE

T$lo wÀY
WITH

PARKING

RURALA
TWO WAY

NO PARKING

20

25

30

35

40

45

50

55

1 800

2300

2 800

33 00

3 900

4400

50 00

560 0

1000

15 00

2000

2600

3200

37 00

4 300

4 900

rzio
r700
2200
2 800

3400

4 000

4600

17 00

2200

2700
3200

37 00

4200

4700

52 00

180 0

2300

27 00

3300

3700

4300

47 00

5200

50,000 -. 100..000
100,000 - 250,000
250,000 - 750,000
750,000 - 2,000,000

0.92
0.97
1.06
1.11

CBD

CENTRAL CITY

SUBURB
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Fígure 119. Detail capacity nomograph for urban arterials: one-way, no parking,

IIEGÐ{D:

URBAI'¡-IZED AREA

POPULEffIOIT

4 50,000 - 100'000

3 loo,ooo - 250,000

2 250,000 - 750,000

I 750,000 - 2,000'000
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I,EGEND:

URBANTZED AREA
POPUI¿TION

4 50,000 - 100,000
3 100,000 - 250,000
2 250,000 - 750,000
I 750,000 - 2,000,000
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Fieure 121. Detaíl capacity nomograph lor urban arterials: one-way, parking both sides'
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URBANfZED AREA
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4 50,000 - 100,000
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2 250,000 - 750,000
1 7501000 - 2,000,000

Fígure 122, Detaíl capacity nomograph for urban arterials: two-14¿ay, no parkíng.
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Figure 124. Detaíl capacíty nomograph for rural route: two-way, no parkíng.

from 16 to 34 ft, use the left-hand scale. For ap_
proach widths over 35 ft, use the right-hand scale. If
the left-turn lane is calculated separately, use the
point representing 0 percent left turns.
Two-way s*eets-Wíth parkíng. For approach widths
from 21 fo 39 ft, use the left-hand scale. For approach
widths over 40 ft, use the right-hand scale. If the
left-turn lane is calculated separately, use the point
representing 0 percent left turns.

7. Using the point on TL 5,7ay a straightedge between
TL 5 and "no bus stop" on the bus stop line. The point of
intersection with the capacity line gives the capacity in
VPH of green time. (Solution: Capacity: 3,050 VPH/G.)

8. Using Figure 125,the capacity in VpH of green time
can be used to derive the approach-capacity estimate if ,the
percent green time is i<nown. For example, if green time
was 50 percent of total time the hourly capacity would be
1,600 vPH.

If Figure 124 is used, the procedure is essentially the
same except less variables (consequently fewer turning
lines) are considered. The procedure is as follows:

l. Lay a straightedge between the approach width and
the "rural route pivot point" and note the intersection with
TL 1.

2. Using TL l, lay a straightedge between TL 1 and
"percent commercial vehicles" and note the point the
straightedge intersects TL 2.

3. Using TL 2, lay a straightedge between TL 2 and
"percent right turns" and note the point the straightedge
intersects TL 3.

4. Using TL 3, lay a straightedge between TL 3 and
"percent left turns." The point of intersection with the
capacity lines gives the capacity in vehicles per hour (VpH)
of green time.

5. Adjust the capacity to give hourly approach capacity
by multiplying by the G/C ratio or by using Figure 125.

DETERMINATION OF LEVEL OF SERVICE

The user now has the necessary information (volume and
capacity) to determine the level of service at which the
corridor or facility is operating. The determination can
be displayed graphically using a facilities stress diagram
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Figure 125. Capacity conversíon nomograph for urban arteri\Is Íor cycle

length.

LEVEL OF SERVICE MAXIMUM V/C RATIOas previously described. Benchmark V/C ratios for each

tevãt of service are required to use as a datum for that

determination.
Volume-to-capacity ratios were previously shown for

freeway configurations (Table 50) and should be used as

datum lines when evaluating freeways and expressways'

For urban arterials and corridor analyses (consideration of
combined facilities), V/C ratios should be used as the

upper timit of each service level as follows:

A
B
C
D
E
F

0.6
0.7
0.8
0.9
1.0

(varies)

o
Þ

Ê
7
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UMANIZED AREA
CIODE POPULATION

4 50,000 - 100,000
3 100,000 - 250,000
2 250,000 - 750,000
.1 750,000 - 2,000,000

Figure 126. sample application ol detail capacity nomogrøph t'or urban arteriars.
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Exceeds caPacity at LOs = "Brl

varying servíce levels.

Figure 727 is at extension of Figure 118 to show the

impact of specifying a level of service for determining

arãas where available capacity is exceeded' The user can

readily see the impact of establishing a level-of-service "C"
as the datum versus using level-of-service "D" as the

datum. Ultimately, the decision to use a higher service level

will require capital and/or maintenance funds to remedy

the deficiencies. Although a service level of "C" may be

the least-cost solution, the analyst may need to reassess

that position in light of available funds'

CHAPTER NINE

DEVELOPMENT DENSITY/HIGHWAY SPACING RELATIONSHIPS

INTRODUGTION

The trend toward lower population densities in and

around major metropolitan areas has been underway for

decades and apparently is continuing. The 1970 census

disclosed that nearly one-half of the population of all

metropolitan areas lived outside the central city' A large

p"r""ritug" of people seem to prefer low-density living'

in addition, employment opportunities have followed the

increase in housãholds in suburban areas' This has resulted

in a growing tendency for people to both live and work

in relatively low-density suburban areas' The 1970 census

reports that nearly a third of all work trips in large

metropolitan areas noìM begin and end in the suburbs'

This basic change in the structure of urban areas has been

accompanied by increased demands for travel by auto' The

auto is used for the vast majority of work travel in metro-

politan areas, and the trends (despite improvements to

ìrunsit systems) indicate that auto travel will continue to

increase in suburban areas. Almost all travel for purposes

other than work in suburban areas is made by auto' In
turn, people are becoming increasingly more dependent on

the auto. A major difficulty is that the auto, especially

under low-density conditions which force lengthy travel'

generates the need for substantial investments in the high-

way system.
Ñ"* ot widened freeways and arterials will be required

in growing suburban areas if the level of transportation

serv-ice is 1o ¡emain at acceptable levels' Transportation

facilities, however, are not now and never have been ends

in themselves. It is becoming increasingly obvious to

decision-makers that it will no longer be possible to
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provide an unlimited supply of new transportation facilities
to meet these travel demands, and that other alternatives
must be pursued. Such alternatives can include mixed
public transportation systems, including taxi, dial_a_bus,
or some other form of flexible_route systems interfacing
with line-haul, transit modes. Other alternatives includó
ride-sharing modès such as van pooling. These systems
are being planned and made operational in many urban
areas and show promise in reducing the need for new and

improved higlway systems. Another method of reducing
travel demands is to locate new development in such a
manner to use available capacity or to place it where
capacity can be provided, rather than pirmitting such
development to overload existing facilities.

The purpose of this chapter is to relate suburban devel_
opment to estimates of highway levels of service so that the
planner and policymaker can rapidly assess the highway
transportation needs of land-use growth and change. Tã
make this chapter most useful and responsive, a method
has been developed which interrelates land development
and its subsequent transportation demands with hilhway
system supply and the level of highway transportation
service to be provided.

The following sections describe such a method, and
examples are provided to illustrate the various steps in_
volved. A complete "example application" is presented at
the end of the chapter to enable the user to execute and
become acquainted with the entire methodology. This
example provides the specifics of computation, definitions
of analysis areas, and the like.

BASIS FOR DEVELOPMENT

Several examples of pertinent methods are in the litera_
ture; those which seem most applicable are:

1. "Estimating Efficient Spacing for Arterials and Ex_
pressways," (ó2).

2. "The Highway Needs Model ,. (63).
3. "The Community Aggregate planning Model,,, (64).

The first method develops theoretically optimum spacings
so that the total regional transportation cost is minìmizeá.
The method uses uniform trip destinations per square
mile, travel time, and operating and construction costs
to ar¡ive at desired freeway and arterial spacings.

The second method computes freeway spacing after
having estimated vehicle-miles of travel (VMi) baìed on
vehicle trip-end density and on the proportion of total
roadway surface made up of freeways. Again, optimum
solutions based on least costs are computed. Àrterial
spacing is not considered.

The third method generates a regional system_sensitive
vehicular travel demand, distributes the demand to the
arterial and freeway systems in each community, and
computes a full range of useful evaluation measures.

Although other methods exist, or are being developed,
it was felt that none fully met the need for a simple,
straight-forward means of computing the need for improved
highways based on increasing land-use activities in sub_
urban areas. Stated differently, none of these methods
could determine the effects on the level of highway

transportation service if such facilities were not provided.
In developing such a method, several criteria were thought
to be desirable; of course, key simplifying assumptions hã¿
to be made. The c¡iteria and assumptions are as follows:

1. Desirable criteria:
(a) An absolute minimum amount of information

would be required.
(b) The terms and concepts would be understand-

able to citizens and politicians as well as plan_
ners.

(c) The method could be applied quickly and easily
so that many alternatives could be evaluated.

(d) No computer would be required.
2. Simplifying assumptions:

(a) The levels of transportation service being ex_
amined would not so radically depart Ìrom
today's service levels that travel demand would
be altered significantly.

(b) The pricing of transportation service would not
so radically depart from today's costs that travel
demands would be altered significantly.

. Wilh these two key assumptions, an empirical rather
than theoretical approach could be used.

DATA REQUTRED FOR APPUCATTON

The basic data required consist of two parts: (l) land_
use activity data, and (Z) data about the highway trans_
portation system.

If a major investment in transit is to be considered, some
information is needed about that system as well. The
Iand-use activity data needed are used as the means to
generate the amount of highway travel by analysis areas(districfs). Some experimentation may be required to
determine the size and number of analysis areas to be used.
The developers of the Community Aggregate planning
Model (CAPM) recommend that the size- of the basic
analysis units may range in area from g to 30 sq mi.

Land-use activity data required include as a minimum:
l. Number of households.
2. Number of jobs (at-place employment).

As an option, slightly better (more accurate) results may
be obtained if the household information is subdivideà
further into:

1. Number of apartment units.
2. Number of townhouse units.
3. Number of single-family units.

Also, the employment information may be divided into:
1 Office employment.
2. Manufacturing employment.
3. Retail employment.
4. Other employment.

The existing highway transportation system data needed
include the number of miles of highway by type by
analysis area. Types of highway include:

1. Two-lane arterials aîd, maior collectors.
2. Four-lane arterials.

l
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3. Six-lane arterials.
4. Freeways.

The method does not deal explicitly with non-line-haul

transit improvements such as jitneys or dial-a-ride systems.

Existing levels of conventional bus service resulting in
typical levels of suburban transit use are assumed by the

method used. Corrections may be made, if desired, to

account for variations from the typical "mode split"
percentage assumed. Corrections for auto-occupancy

ievels above or below those assumed may also be made, if
desired.

FEATURES AND LIMITATIONS

The development density/highway spacing methodology
is designed to produce the number of lane-miles of arterial
t-: -t-------- -^^--:-^l :- ^- ^-^I-,^i- ^raa ^itro- lan¡{-trqcIrIE,IrWayS lçqulrçu rrt aLL 4rtøL!

activity, a freeway system, and a desired level of arterial

traffic service for that analysis area.

An estimate of the number of miles of freeway to be

provided is made outside the procedure, but the method

does indicate where such additional facilities would be

desirable to improve the level of transportation service

provided.
The methodology is shown diagrammatically in Figure

128. Computation steps are shown on the right-hand

side, with inputs on the left and outputs in the center'

Note that Step 3A is pertinent only if the analysis area

' (e.g., district) in question is at the periphery of the

metropolitan region, in which case the external traffit
makes a significant contribution to the vehicle-miles ot
travel (VMT) in that analysis area. This step is described

in detail later in this chaPter.

Límitations of the Methodology and Substitutability of

Local Data

The development density/highway spacing method

described is quite similar to the Community Aggregate

Planning Model (CAPM) previously discussed. CAPM is

a computer-based model, not a manual procedure. The

density/spacing methodology does not, however, (as

CAPM does) output economic, social, and environmental
measures, it being limited in scope to the land-use/highway
spacing area. But because the methodology does contain
performance measures (the amount of VMT on freeways,

ãnd the arterial level-of-service distribution), it is possible

to produce travel speed measures on an areawide basis if
the user so desires.

For such a case, it may be useful to express level of ser-

vice as a speed as well as a percentage of VMT over a level

of service. Figure 129 has been derived to express the

relationship between these variables. The curve was con-

structed for arterial routes by assuming the level-of-service

speeds given in Table 52 and weighting those speeds by the

amount of travel at difierent levels of service from Table

52 (and Fig. t42 shown later in the text). The daily

curve reflects an assumption of no congestion in the off-

peak period. Estimates of the average speed of travel,

ãlong with VMT can be used in conjunction with emission

rates by speed of travel to provide first-cut estimates of
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changes in air quality (65). Speed of travel may also be

used in estimating changes in operating, accident, and

travel time costs in an area (6ó). This information can

be used in evaluating the cost-effectiveness of alternative
program proposals. Because most social, economic, and

environmental measures require vehicle-miles of travel and

speed as inputs to subsequent calculations of accessibility,
mobility, value of travel time, and air quality computations,

it would be possible to add such output capabilities to the

density/spacing methodology described herein.
As volumes increase on a facility (the new volumes being

output from a traffic assignment), speed declines, and

operating, accident, and time costs (i'e., user costs) in-
crease. At some point, a new or widened facility is war-

ranted because the costs of improving the system are

exceeded by the costs in allowing congestion to continue'

Figure 130 shows the total user cost of travel per mile for
different facilities and at different traffic volumes, including
construction and maintenance costs for new facilities.
Construction and maintenance costs were based on recent

estimates for the Washington, D.C. metropolitan area

whereas operating and accident costs were derived from
published data and corrected to reflect current gasoline

prices. The value of time was set at $2.50 per person-hour.

Construction costs were annualized over 20 years at a 10-

percent interest rate. The data shown in Figure 130 (and

in Tabte 52) indicate that under these assumptions, least-

cost solutions correspond to traffic volumes which exist

between levels-of-service "C" and "D'" It should be pointed

out that Figure 130 is not an integral part of the method,

as will be shown in the application described in the next

section.
Other limitations revolve about the assumptions made

and the use of average trip rates and trip lengths' These

can be overridden, however, and locally supplied data

substituted. There probably is no adequate substitute for a

complete set of traffic counts in this regard. Many prob-

lems of limitations in accuracy owing to generalization

can be overcome based on traffic counts and with the use

of common sense.

APPLYING THE DEVELOPMENT DENSITY/HIGHWAY

SPACING METHODOLOGY

At least three distinct, potential applications of the

density/spacing method exist. The method is an attempt to

fiIl a critical void in transportation planning; that is, the

rapid estimation of the effects of alternative land-use and

transportation plans on the level of transportation service'

The first application would be:

Given existíng lønd development and exístíng transporta-

tion facilíties, what level of service is being províded by the

transportation sy ste m?

The density/spacing method would indicate the follow-
ing key items:

1. Percentage of vehicle-miles of travel accommodated

on freeways and arterials.
2. Average volume per lane on the freeway system'

3. Percentage of arterial vehicle-miles of travel over

level-of-service "C."
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I

STEP 4

STEP 5

\-____ _ _J
* Necessary crnly for

peripheral analysis
areas.

Fígure 128. Díagrammatíc representation of the development densíty/highway spacing meth-
odology.

TABLE 52

ARTERIAL LEVEL OF SERVICE VOLUMES

a. One-way
b. Tþo-way (assmes a peak hour factor (K) = O.fO_ and a directj-onal- factor (D) = 0.60)Source¡ Àdapted from Highway Capacity ¡tanual (56t.

LAND-USE ACTIVTTY
-TRIP GENERATION

COMPUTE VEHTCLE
TRIP ENDS

TRANSIT
CARPOOT

I}4PROVEMENTS

COI4PUTE TRANSIT
USE AI.¡D AUTO

ADJUSTED
VEHICLE TRIP

ENDS
CYOMPUTE VEHICLE
I'IILES OF TRAV,EL

(vl,lT)

VEHICTE - MILES OF
TR¿.VEL (V¡4T)

FREEWAYS AND
ARTERTAI.S

VMT ON FREEWAYS
AND ARTERIAIS

COI4PUTE A\rERÀGE
ARTERTAL

VOLUME PER I,ANE
AND LEVE¿ OF

SERVTCE PROVIDED

EQUIVALENT I,ANE -
MILES OF ARTERIAL

ROUTES PROVIDED

EQUIVA].ENT LANE
MILES OF ARTERIAI.S
NEEDED FOR DESIRED
LEVEL OF SERVICE

Àpproximte
Peak Hour
Operating
Speed (MPH)

Traffic VoLmes
À11 Î.enêq Level

of
Service

2-Lane 4-I,ane 6-Lane

Peak
Hourâ oairf

Peak
Houra PaittÞ

Peak
Hourâ Dailf

35

30

25

20

I5

10

<250

250

375

450

500

>500

<4, 150

4, t50

6,25O

7,500

8,333

>8,333

<800

800

L,200

L ,440

1,600

>t,600

<13, 330

r.3, 300

20,000

24,000

26 ,600

>26 .604

<1,300

1,300

1, 950

2 ,340

2,600

>2 ,60O

<2L,500

21, 50 0

32,500

39,000

43. 3oo

>43,300

A

B

c

D

E

F
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EXAI"IPLE:

If on an arterial, 75t of the vMT is over Level of
Service "C", then:
- average peak hour sgeed = 16.8 nPh
- average daily speed = 25.5 mPh
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A second application would be:

Given a future land-use plan, what increases in transpor-
tatíon facilitíes are required in order to keep today's (or a

desired.) Ievel oÍ transportøtion service?

The density/spacing method would indicate the follow-
ing key items:

1. Given a fixed or revised freeway system, it would
compute the vehicle-miles of travel on freeways and

arterials.
2. Number of equivalent lane-miles of arterials that need

to be added, either by widening existing routes or by new
construction, to achieve today's (or a desired) level of
service.

3. Where enlarged or new freeways or improved transit
service may be desirable in order to reduce the need for
arterial improvements.

A third possible application would be:

Given aru existíng or future transportation plan, what
amount ol land development can be added without allow-
ing the level o! taffic servíce to deteríorate below a specified
level?

I0 20 30 40 50 60 70180
PERCENT OF V¡,fT OVER LEVEL OF SERVICE C

Figure 129, Aïteríal level-of-servíce speeds, by analysís areas.

This third application is best accommodated through a

trial and error process, successively increasing (or reduc-
ing) the amount of land development by analysis area

until the level of service limitation is reached. Because the

technique can be applied rapidly, many "runs" can be made
in a reasonable time-frame. The effect of freeways and

additional transit service can also be taken into account.

Steps in Appl¡cat¡on

To apply the density/spacing method, the following
steps must be undertaken for each analysis area in the

study area of interest.
Step 1: Computation of vehìcle trip ends. Vehicle trip-

generation rates are based on those given in Chapter Two,
"Trip-Generation Estimation." Tivo methods (I and II)
can be used, one assuming that only the number of house-

holds and the number of at-place jobs are known by
analysis area, and the other assuming further breakdowns
into type of dwelling unit and kinds of employment as

outlined in the preceding section on "Data Required for
application."

It must be noted that because trips have both an origin
and destination trip end, and because the procedure

e*.
Qoo
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Fígure 1j0. Least-cost solutions for various híghway vol¿tmes and facílítíes.

involves calculation of trip-end generation for both resi-
dential and nonresidential activities, the sum derived for
trips to and from all trip generators will be twice the area
total number of one-way trips. Accordingly, the number of
trip ends computed must be cut in half for use in computing
vehicle-miles of travel.

Method 1 uses just total households and total employ-
ment for each analysis area. Rates for this method are
derived from data given in Table 1, Chapter Two. For
example, a trip rate per household of approximately 5
one-way vehicle trips daily (10 :2) would be used for
single-family dwellings, 3.5 for medium-density dwellings,
and 3.0 for apartments. Based on the approximate propor-
tion of areawide single, medium- and high-density dwelling
units expected, a single over-all rate per dwelling unit can
be computed and utilized.

Method I uses (for nonresidential activities) an average
trþ rate per employee derived from a weighted average of
rates for individual employment categories. For example,
if the proportion of total jobs in a study area were 21.5
percent for office employment, 18.5 percent for retail, 10.0
percent for manufacturing, 23.0 percent for military, and
27.0 percent for other, and the trip rates were, respectively,
1.75, lO, 1.5, 7.25, and 5 one-way vehicle trips daily
(appropriate trip ends in Table 1, divided by 2), the
weighted average daily vehicle trip rate per job would be

volume is
per day.

arterial
former

the latter

60

VEI]ÏCLES D7\TLY

4.0. This average trip rate is applied to all analysis areas.
Method 1/ uses these rates directly by type of residential

unit for each analysis area rather than developing the
single over-all rate previously described. In this case, a
breakdown by type of unit is needed for each analysis
area.

For nonresidential activities, trþ-generation rates can
be expressed as functions of at-place employment, floor
space, or acres as given in Table 1. Again, vehicle trips per
day are used, but reduced by half to reflect the one-way
nature of travel. The best measure, if available, is employ-
ment, as this can be summed to a control total for the area
as a check.

Method II applies individual rates to each land-use or
employment category for each analysis area, thereby
requiring more detailed input information than Method I.

An alternate approach to using Table 1, as described pre-
viously, for Methods I and II would be the use of general-
tzed d.ata and equations provided in Table 3, Parts A
and C. Use of this inforrriation would minimize much of
the land-use mix data and also eliminate "averaging."

Step 2: Computation of ffansit use and auto-occupancy
adiustments. In some urban areas, particularþ larger ones,
transit improvements may be planned which could have
significant impacts on future vehicle-miles of travel within,

EXÀII{PLE:

Tt i.-s ex?ected that on an existing 4-Iane a"rterial , the tr:afficprojected to increase from the cuirent 2fir000 to 3ó,00c vehícres
The qra2h shorvs that it '¡ou1d be econornical r,o '¡iden the 4-ranet-o a 6-Iane rather than h¡uilding a ne\¡¡ 4-Iane arterial. For theoption the total- user cost of tiavel t¿ould be Z5ë/níLá,.rr¿ to,it rvould be 38êlmile.
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the area. Figure 131 shows the effect of changes in the
percentage use of transit on the percentage of auto driver
trips (of total person-trips), and hence on VMT. For
example, if an analysis area had a percentage transit use

of 6 percent, and this could be increased to 15 percent, the
percentage of auto driver trips would drop (given an

auto-occupancy rate of 1.33) from 70 to 64 percent. This
represents a change of 8.6 percent, assuming that total
travel would remain constant. Where changes in the
relative use of transit are contemplated, this curve can

estimate the effect on auto use and VMT. In addition to
this curve, local relationships can be used (or derived) to

estimate changes in transit use.

Changes in auto occupancy also affect vehicular travel
and VMT. Figure 132 shows the percentage change in
auto driver trips as vehicle occupancy increases. Again,
reductions in vehicular miles of travel can be computed for
various increases in auto occupancy using a method similar
to that illustrated for transit increases. (Note that adjust-
ments can also be made simultaneously for increases in
both transit use and auto-occupancy rates using Figure

r63

131.) This is particularly applicable where vigorous car
and van pooling programs are planned. Local area experi-
ence can be used as required. Present daily car occupancies
range from 1.7 in urbanized areas with less than 100,000
population to 1.5 in urbanized areas with more than
750,000 population.

Adjustments for transit use and auto occupancy are
optional, but the use of high-occupancy vehicles can
impact on freeway and arterial highway requirements and
should be considered, if warranted.

Step 3: Computation of Vehicle-miles ol travel. Tbe
third step is to compute vehicle-miles of travel for each
analysis area by multiplying the results of Step 1 (i.e.,
vehicle trip ends) by the areawide, average over-the-road
vehicular trip length. The airline trip distance can be

obtained from Figure 133. The data shown are based on
prior research into urbanized area population and average
trip length (18) adjusted upward by 10 percent to account
for increased speeds and lower densities of development
in urbanized areas since the research source data was

obtained. For future years, an estimate of such corrections

gXAMPLE:

Given ar¡ auto occr4>ancy rate of 1.33 persons/auto, tlten:
- @ 6t transit use, auto driver trips = 7¡g
- l-a 15E transit use, auto driver trips = 64¿

8 
^ 

= 64-7A x 100 = 8.68 reduction i¡¡ auto driver trips.
-7î-

If Èhe auto occupancy rate iære to concurrently increase frcrn
1.33 to I.50 persons,/auto, then:
- @ 68 transit use and I,33 persons/auto' auto driver trips = 769

- e 15t transit.use ard 1-.50 persons/auto, auto dÌi\¡en trips = 579

I 
^ 

= 5?-?0 x I00 = 18.6 reduction i¡r auto driver triPs.--iî'
út
Ê¡
H
d
Er
t

6
p,
r¡¡
&

H
FJ.r
H

8

¿,

30 40 50 60 70 80 90 100
TRANSIT USE A,S A 3 OF TClrAL PER,SCA].TRIPS

Fígure 131. Efrect of change in trnnsit use on auto dríver tríps.
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@ I.4 auto occupancy, auto driver trips = 73t
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Figure 132. Efrect of change in auto occupancy on auto dríver trips.
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to be applied can be obtained from Figure 134 for home-

based work (HBW) trips. These corrections for changing

speed are based on more recent research into trip lengths

(67).
To illustrate the use of Figure 134, suppose that the

average network speed change is *1O percent over the

base-year conditions, that is, 's2l'sr: 1'10' Entering Figure

134, the average auto HBW trip distance (airline) change

would be given by L2/L':1'15, that is, a change in trip
distance of *15 Percent'

If the average trip distance for a study area is known, it
may, of course, be used. If the average home-based

nonwork (HBIW) trip distance is estimated using Figure

135 (which relates the length of HBW and HBNW trips),
then by weighting the trip lengths by the amount of HBW
and HBNW travel, one can obtain an estimate of total

trip length. For example, in Washington, D.C., the average

HBW airline trip length was 8.0 mi' Using Figure 135, the

average HBNW airline trip length is then 4.0 mi. Table 3,

Chapter Two indicates that 25 percent of atl trips are for
work purposes. Therefore, the daily weighted average is

l(8.0 X 0.25) + (4.0 X 0'75)1, or 5.0 ,airline miles. Note

that Figure 133 shows that the result for a city of just over

3,000,000 population is aproximately 4.8 airline miles, thus

confirming the aforementioned results.

As these figures represent airline distance travel, they

need to be expanded to over-the-road trip distances by

multiplying by a circuity factor. This factor can range

from 1.2 to 1.4 (or even higher) depending on the con-

figuration of the highway network in the urbanized atea'

The presence of river or topographic barriers will cause

higher values. For example, if the 5-mi airline distance in
Washington, D.C., is multiplied by 1.3, it results in an

averàge over-the-road vehicular trip length of 6.5 mi.

Thus, having obtained the areawide average over-the-

road trip distance, this figure is then multiplied by the

results of Step 1 (i.e., vehicle trip ends) to compute

vehicle-miles of travel by analysis area'

Step 3A: Computation of external vehicle'miles oÍ tavel
adjustment. In addition to the vehicle-miles of travel
generated by the residential and nonresidential activities
within each analysis area, an adjustment has to be made for
traffic generated beyond the boundaries of the study area'

This adjustment, however, need only be applied to those

analysis areas that are located on the periphery of the study

area; here, the "external" traffic contributes significantly
to the VMT calculated from Step 2' This correction was

deemed necessary through empirical testing of the density/
spacing methodologY.

This external traffic is obtained from counts located at

the circumference (cordon) of the analysis area in ques-

tion. Note that the count must first be adjusted to account

for the "double-counting" of through trips. For this pur-

pose, the user is referred to Figure 1 in Chapter Two.

Should any of the count stations be located at a freeway,

such counts must be excluded altogether from the adjust-

ment process. This also is based on empirical evidence

gathered through testing of the density/spacing method'

Because some of the external trips at nonfreeway cordon

locations are already reflected at one end in the perþheral

analysis areas, they should be reduced by one-half. The

Figure 134. Adiustments to average auto home-based work/tríp
iliitance (aírline) for average network speed change (67)'

012345618910 u* 
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Fipure 135, Relatíonshíp between auto home'based work and

atão home-based nonwoik tríp dístances (øírlíne) (64).

1.1

Ê¡ .{
ZFa
l-{ \
Èct
d'l
t{v(
v(j'

rt
f¡l É(JHzã4HZ
(f¡FI
H
Q14oùzH<
E{ C)

Éo
B

Ê¡
(/)

Ét
I
d
E
I

r.3

L.2

1.0

0.8

0.7

0.6

165

L.2
(s2/s¡l

0.9o
H
Þ
'4
fr¡o
d
ú
f¡l

0.8 0.9 1.0
AVERÀGE NETWORK SPEED

._l
&Ø
oÞt
:= Fl
IH2Z
291
âH
l¡l Èqú
<Hodtvo
oo

4
OH
Ë1 o
do
EÀOHér{
ú11
Þl

4
I

3
6

":, = (.,J''' /l
I

I
I
I

I
I
a
t
I
I
I
I
I
I
I
¡
I
I
I
¡
I
I
I
Ilr
¡
t
I
I
I
¡
¡
I
l
I
I
I
I
I
I
I
I
I
t
I

I
I
I
I
I
I
I
I
I

d = 1.7 + 0. 3d..nw



1.66

result is then multiplied by the average trip length com_
puted from Step 3 to arrive at the external VMT. Then,
this VMT owing to the external trips is added to the VMT
calculated from Step 3 for the peripheral analysis area to
obtain the total VMT.

Step 4: Computation of vehicle-miles ol travel on free_
ways and arterials, The vehicle-miles of travel computed
through application of the previous steps must be accom-
modated by three levels of highway transportation systems;
that is, freeways, arterials (and major collectors), and
local streets (including minor collectors). The amount of
travel that desires to be accommodated on the freeway
system is a function of the spacing between freeways, the
spacing of arterial and local routes, the average trip length,
and the average vehicle trip density (ó8).

The relationship can be expressed as follows:

17-Pr' 2f t t z" 1

L4+ r+r¿,_ 2¡1
(38)

where:

Vt : ãverãEe daily,traffic on freeway;
P : average daily vehicle trip origins/sq mi;
F : average vehicle trip distance (mi);
Zt : freewav spacing (mi);
Zz : arterial spacing (mi);
Zs : local street spacing (mi).

This relationship can be used to solve for freeway spac_
ing if desirable freeway traffic volumes are known. Then
in solving for Zr, and approximating Z" at 0 to simplify
solution:

- _ZVr(r+22)
L1 _-' Prz - 2V,

Figure 136 shows desirable freeway spacing based on
this relationship for a 6-mi average trip length. Thus, for
example, for a daily vehicle trip origin density of 14,000
trip ends/sq mi, a 6-lane freeway must be spaced at 4.g
mi, and an 8-lane freeway at 8.2 mi. A full discussion
concerning the determinants of freeway spacing appears in
the Institute of Traffic Engineers publication, 

- ¿System

Considerations for Urban Freeways" (ó9).
Given the information required * for the relationships

previously described, either freeway volumes or spacing
can be computed. If a speciflc level of service is desired,t
it is possible to compute the miles of freeway required.
Daily volumes corresponding to levels of service are given
in Table 53. Similarly, if spacing is set (i.e., no new
routes are contemplated), then the traffic volume on
freeway facilities (and hence VMT) can be computed.

Subtracting this freeway VMT from the total gives the
residual VMT that must be accommodated on arterial and
local streets.l After subtracting a percentage of the total

a'Spacing, Z, can be easily computed from the formula
Z :24/ L, where Z - the number of miles of route within an
area I in sq mi.

f Desired freeway (and aferial) volumes can also be com_
puted through least-cost techniques. See, for example, Ref.
(62).
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Figure 136, Freeway spacíng vs average daíly vehicle trip origins/
sq,uare mile (for average trip length of 6 miles and arterial spãcing
of I mile (69).

VMT for local streets, the residential is the VMT on arterial
routes.

Thus, for any analysis area other than a peripheral
analysis area (i.e., not at the boundary of the metropolitan
region), the arte¡ial VMT is given by:

Arterial VMT: (residential * nonresidential) VMT
- freeway VMT - local VMT (4Oa)

For a peripheral analysis area (i.e., at the boundary of
the metropolitan region), the arterial VMT is given by:

Arterial VMT: (residential f nonresidential) VMT
* external VMT - freeway VMT

(3e)

To compute freeway volumes or spacings, larger areas
than the analysis areas (such as a subarèa; i.e., a group of
districts) used for arterials should be described. For

Í The simplest way to compute the local street VMT is as a
percentage of the total (including freeway). I-ocal street VMT
range.from I to 20 perceût, approximating g to l0 percent for
urbanized ateas oveÍ 200,000 population.
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TABLE 53

FREEWAY LEVEL OF SERVICE VOLUMES

Àpproximte
Peak Hour
operating
Speed (MPH)

Traffic Vo1mes
À11 Lanes I,evel

of
Service4- Lane 6-Lane

Peak
Houra DailÈ

Peak
Houlå DailÈ

60

55

50

40

30

<30

<1,400

2,OO0

2,5OO

3.000

4, 000

>¿l ,000

<23,300

33,300

41, 6 00

s0,000

66,700

>66.700

<2 .40O

3, 600

4, 050

4,500

6, 000

>6, 0oo

40 ,000

60,000

67,500

75,000

90, 000

90,000

B

c

D

E

F

a. One-way
b. TvJo-way (assures a peak hour factor (K)=0.I0 and a directional factor (D)=0.60)
sorrce: Àdapted froF. !!:glg4.jEpqLÞX-EgI (s6).

example, areas on both sides of a freeway should be in-
cluded. Figure 137 shows the freeway network for
Fairfax County, Virginia (a subregion of the Washington
metropolitan region) . Figure 13 8 shows the subareas
(i.e., portions of the subregion) used in the freeway
volume computation whereas.Figure 139 shows the analysis
areas (i.e., districts or portions of the subarea) used for
arterial spacing analysis. *

Step 5: Computation ol average arterial volumes per
lane and level of servíce. For uniform trip distributions
and arterial loadings, the relationship between traffic
demand, arte¡ial grid spacing, and traffic volume is given
by the equation:

(4t)

where

D: the arterial vehicle-miles of travel per sq mi;
V : the average daily arterial traffic volume (VMT

per mile of route);
,S: the distance between adjacent arterials in miles

(spacing).

This relationship is shown graphically in Figure 140.
The graph could also be used to compute arterial spacing.
flence, if D :40,000 arterial VMT/sq mi and Z: 18,000
VMT/mi of arterial route, then 1-mi arterial spacing would
be required to accommodate this traffic.

Volume (VMT per mile of route), although a useful
indicator, is not as useful as volume per lane, because
urban and suburban areas have a mix of 2-,4-, and 6-lane
arterial facilities. Table 52 gives the level-of-service
volumes of different arterial facilities. It should be noted
that 2-lane arterials have a significantly lower service
volume per lane than a multilane arterial at level-of-
service "C."

* The total area of the county is 417 sq mi. There are 25
subareas (districts) averaging approximately 16 sq mi. These
were grouped into four subregions for freeway volume and
spacing computation.

A better method, and one that is used in the example
provided at the end of this chapter, is described as follows.

The Equívalent-Lane Corccept. To relate traffic demands
on different size arterial routes on an equal basis, each
lane of a 4-lane arterial is set equal to 1.6 lanes of a

2lane arterial, and each lane of a 6Jane arterial is set equal
to L73 lanes of a 2-lane arterial. Average volumes per
equivalent lane are then computed by analysis area (i.e.,
arterial VMT divided by equivalent lane-miles) and related
to the level of service provided to the analysis area.

Arterial Level of Service. Because it is not possible to
calculate the traffic volume on each segment of each

arterial (only an average volume can be calculated), a

relationship was developed from traffic count data between
the average equivalent-lane volume and the percentage of
all VMT in the analysis area operating above levels-of-
service (C," (D," and "E." t This relationship was derived
from complete count data for Fairfax County, Virginia,
and is shown in Figure 141. Existing levels of service

based on traffic count data and using Table 52 is shown
in Figure 142. In addition, another relationship was de-

rived relating the percentage of route-miles over specified
levels of service to the percentage of VMT over such

levels of service as shown in Figure 143. These relation-
ships may now be used to measure the level of arterial
service provided.

Although derived from only one set of complete count
data, there seems to be no reason why these relationships
cannot be used in any urbaniøed area, inasmuch as they are

dependent on the standard level-of-service volumes given

in Table 52, and on a distribution of traffic over an arterial
network. (If data are available, it would be desirable, how-
ever, to check the absolute values on the curves for some

sample subareas.) Although that distribution might change

and vary the slope of the curves, the use of the standard is

believed valid and can provide an index value of level of

D-2 v
s

t Above C means D, or above, etc.
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Figure 137. Faírfax County, Va. (subregion), freeway and arteríal road system (1968),

service or congestion. This value can be maintained by
keeping the average volume per equivalent lane the same;

lowered by raising VMT; or raised by adding arterial lanes.
Determination of the number of equivalent arterial

lane-miles of travel by district through the method illus-
trated can be used along with these guidelines to aid in the
design of an arterial highway system for an urbanized area.

The next step is to convert the number of equivalent lanes

to miles of 2-, 4-, or 6-lane facilities and space them as

desired. Widenings of existing routes should also be

considered as appropriate. (See Figure 130 for least-cost

solutions for various highway volumes and facilities.)

Feedback

The process described previously can also be used to
modify the lane-miles of arterial routes needed by subareas.

The planner can reverse the process or "feedback" to
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Fígure 138. Subareas used for freeway spacíng analysis in Fairfax County, Ya. (1968),

prior steps by modifying inputs as desired. The following
options are available:

1. Revise the level of service desired. By accepting a

higher percentage of vehicle-miles of travel over a set level
of service, the number of equivalent lanes can be reduced,
because a higher average volume per equivalent lane can
be accommodated.

2. Add freeways. By adding high-type limited access

facilities in areas of high travel demands, the volume
on arterials can be reduced.

3. Increase the use of transit or increase auto occupancy.
This will have to be accommodated by the highway system.

4. Reduce or reallocate lald use. Reductions or realloca-
tions of land use will reduce travel demands in areas that
have low levels of service.

Testing of various options, singularly or in combination,
is most useful in designing or evaluating a land-use or

transportation plan. This can be accomplished in a very
short time using the relationships developed.

Effect of Pricing and Transit Service Policies on

Vehicle-Miles of Travel

As noted previously, the method of determining vehicle-
miles of travel is based on empirical data and cannot take

into account variations from present policies. An indica-
tion of the possible magnitude of change in VMT estimates

which might be caused by the introduction of selected

pricing and transit service policies are given in Table 7 of
the companion report, "Travel Estimation Procedures for

Quick Response to IJrban Policy Issues" (NCHRP Report
lS6) (73). These figures are intended to indicate over-all
magnitudes of change, and may well be different, for
different urbanized areas. They are provided here as a
guide to judge the minimum magnitude of transportation
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improvements required in order to achieve a desired level
of service.

To enable the user to apply the development density/
highway spacing methodology described previously, the
following section provides an illustrative example.

AN EXAMPLE APPLICATION

Suppose that the transportation service in a subarea
located in the northeast quadrant of a hypothetical metro-
politan region is to be analyzed for some future year. (See

Fig. 144.) More speciflcally, given the projected land
development density and the projected transportation
supply in the subarea (and districts within the subarea),
the objective is to determine the level of service at which
the transportation system will be operating for that future
year. It is anticipated that improved transit and car pool
programs are to be put into effect. Concurrently, the
highway network itself will undergo traffic flow improve-
ments, resulting in increased average speeds.

This example describes the use of the development
density/highway spacing methodology. In Figure 144,
district 21, a peripherally located district, has been selected
for analysis for illustrative purposes only. Computation
steps similar to those outlined hereunder, must be executed
for all districts of interest in a "real" application.

lnput Information

Assume that the following input'data are available for
the metropolitan region, the study subarea, and the periph-
erally located study district 21. Except where noted (and
where inappropriate), this input data represents the luture
condition.

1. Existing population of the metropolitan
region 1,200,000

2. Area of the study subarea (sq mi) 55

;1.. i

..-i

Figure 139. Analysis areas (distrícts) used Íor arterial spacing analysis in Fairfax County, Va.

3. Area of district 21 (sq mi)
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5,100
2,000

500

7,600

5. Nonresidential development in district 21:
General office employees 220
Industrial park employee 180

6. Transit use in district 21 :

Existing (transit as a percent of
total person-trips) 10

Future (transit as a percent of
total person-trips) 20

7. Auto-occupancy rates in district 21 :

Existing (persons/auto) 1.5
Future (persons/auto) 1.6

8. Average network speeds in metropolitan
region:
Existing (mph) 26
Future (mph) 29

9. Daily through and external traffic
volume at the external count
stations
( ex cludin g freeway volumes )
(vehicles) 20,000

10. Facility mileages:

For district 21:
2Jane arterials (mi) 8

4lane arterials (mi) 3

6-lane arterials (mi) 12

All arterials (mi) n
Freeways (mi) 6

For study subarea:

All arterials (including district
21) (mi) 86
Freeways (including district 21)
(mi) 18

Methodology

The density/spacing methodology is applied in a step-
by-step manner as shown in Figure 128 and as discussed
in the preceding sections.

Step l: Compute vehicle trip ends. Using the average
daily vehicle trip-generation rates given in Table l,
Chapter Two, and Method II described previously, the
future one-way vehicle trip ends for the residential and
nonresidential development in district 27 are computed as

follows for:

Single family units : y2(9.3 X 5,100) :23,715 trips
Townhouse units : Vz (7 .O X 2,000) : 7,000 trips
Apartment units : Yz (6.0 X 500) - 1,500 trips
General offices : lz (3.5 X 220) : 385 trips
Industrial park :1/z(3.9 X 180) - 351 trips

Hence, the total one-way vehicle trips generated daily by
the development in district 21 is given by 32,95L vehicle
trips. Note that Table 1 provides vehicle trþs to and from
the generators (i.e., vehicle trip ends); consequently, such

Residential development in district 21 :

Single family units (at I DU/acre)
Townhouse units
Apartment units

Total number of dwelling units

28

26

24

22

20

1

D = ARTERIAI ICLE-MILES OF TRAVEL
PER SQUARE MILE (OOO)

Fígure 140. Relationship between arteríal travel demand, arteríal
grid spacing, and traffic volume (70).

trips must be halved as shown previously to obtain the
one-way trips.

Step 2: Compute transit use and auto-occupancy adjust-
ments. Figure 131 can be used to adjust the daily vehicle
trips output from Step 1 for the future improvements in
transit and car pooling programs. Thus:

For the existing condition:

At 10 percentltransit use and 1.5 persons/
auto, auto driver trips as a percent of total
person-trips : 60%

For the future condition:

At 20 percent transit use and 1.6 persons/
auto, auto driver trþs as a percent of total
person-trips : 50%

Therefore, percent reduction in auto driver
trips

: r;9 x roo

Therefore, adjusted daily vehicle
trips :32,951 (1-0.i67)

:27,448
These trips represent the future internal-internal daily
vehicle trips in district 21.
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EXAMPLE:

If for an analysis area, Èhe arterial VMT has been
cornputed aE 751000 and 'Lhe equivalent arterial lane-
miles = 15i then equivalent lane volume = 75,000/L5
= 5,000 VPD. Hence:

E VMT over Level of Service "C" = 93
I VPIT over Level of Service ¡'D" = 80
* VMT over Level of Service "8" = 66

LEVEL OF SERVTCE

1000 2000 3000 4000 9000 10000

EQUTVALENT LANE VOLUME (VEHTCLES PER DAY)
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Fìgure I4I. Arterial VMT level of servíce vs equivalent lane volumes. (Deríved
from Fairfax County, Va., data.)

Step 3: Compute vehicle-miles of travel. Before com-
puting VMT, the average over-the-road trip distance must
be calculated. Figure 133 enables the estimation of the
average airline trip distance with respect to urbanized area
population; that is, if such a measure is not available
from local information. For an urbanized area of l,2OO,-
000 existing population, Figure 133 shows that an average
vehicle trip distance of approximately 4.0 airline miles is
the current measure of trip length

Because it is expected that average network speeds

will change in the future (in the ratio 29/26; i.e., I.l2),
Figures 134 and 135 provide the means for estimating
the corresponding changes in HBW and HBNW average
auto airline trip distances.

From Figure 134.
Adjustment factor for HBW auto tnps:1.22
Therefore, adjusted HBW average auto

airline trip distance: 4 X 1.22 mi : 4.90 mi

From Figure 135:
Adjusted HBNW average auto airline

trip distance :3.20 mi
Assuming that work trips will constitute 25 percent of

all trips (see Table 3, Part A), then:
Weighted auto airline trip distance

:I(4.9 X 0.25) + (3.2 X 0.75)l mi : 3.60 mi
Assuming a circuity factor of 1.22 (see Chapter Two,

section entitled "Constructing Airline Distance vs.
Travel Time vs. Distribution Factors Graphs") :

Average auto over-the-road trip distance for
the metropolitan region : 3.5 X 1.22: 4.3 mi

Average daily internal-internal vehicle miles of travel
for district 2l :27,448 X 4.4 VMT

:72O,77lYM'T

Step 3A: Compute external vehícle-miles ol travel ad-
iustment. District 21 is located at the perþhery of the
metropolitan region, and, therefore, a significant amount



of traffic within its boundary can be attributed to that

traffic which has origins or destinations external to that

district. This external traffic contribution must be added

to the VMT from Step 3. Note that this addition of
external traffic is made to traffic in districts that are

peripheral to the metropolitan region, that is, districts 18,

t73

lg, 21, and 25 in the study subarea. It is assumed that

for the internally located districts, that is, 20, 22, 23,

and 24, the external traffic contribution is small, because

most of these trips will have "dropped off" in the pe-

ripheral districts.
For district 21, duly volume of traffic at the non-

fu;nftx Cal'ty-
gy-loteqion

Figure 142. Level of service, by dístrict: Fairfax County, Va' (1968)'
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freeway external count stations is 20,000 vehicles. This
volume includes through trips, which must first be
accounted for. Table 3, Part B, Chapter Two, shows that
4 percent of external vehicle trips are through trips.
Reference to the example for the conversion of cordon
count to external trips (Fig. l, Chapter Two) shows
that:

External trips :

Hence

Cordon Count
( 1 f Proportion of Through Trips)

External trios :- 2o'ooo
' €+ 4/ loo) : 19'230 vehicles

Because many of these trips are accounted for by the
population and employment trip estimates made for the
districts, the external trips are reduced by one_half.
Therefore:

Average da'v externar'i: 

-:î;ili 
;'.äï1

Average da'v totar 

i¿{îfi ñ\n163,100 vMr)
At this point, the planner must be reminded that StepsI through 3 (and Step 3A where appropriate) must be

accomplished for all the eight study districts in the study
subarea shown in Figure 144. F.or illustrative purposes,
assume the following daily total VMT's have been cal_
culated for the eight districts.

o
N

o

DISTRICT NO.

CALCULATED

AVERÂGE DAILY 7O SU¡ENE¡
TOTAL VMT TOTAL VMT

t2.6
L4.2
10.2
T7.T

11.6
8.4

10.0
75.9

Subarea total VMT 953,700 100.0

* Peripheral districts requiring addition of external station
VMT.

Step 4: Compute VMT on freeways and arterials. ln
order to calculate arterial VMT in district 21, the freeway
VMT in the entire study subarea must first be obtained
by employing Eq. 39. This equation requires measures
for freeway spacing (Zrmi), arterial spacing (Z"mi),
and local spacing (2"m1) as input. Thus for the whole
subarea:

2 (study subarea)
freeway mileage

1g *

79*
20
2l*
22
23
24
25*

L20,200
135,700
96,800

163,100
110,900
80,100
95,000

151,900

Freeway spacing zr: ! ;i.e.,

: ¿#:6.1 mi

2Y 55Arterial spacing Zr: #: 1.3 mi

Local spacing Z. :0 mi (assumption for ease
calculation)
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So, from Eq. 39, average daily traffic on the freeways,
Zr, in the subarea is given by:

vr: 953,700/ 55

Thus for study district 21, t};le average daily arterial
VMT that can be expected is 86,100 VMT.

Step 5: Compute average arterial volumes per lane and
level ol sewice. To determine the level of service pro-
vided by the arterial network in district 27, the equivalent
lane-miles must first be calculated. (See previous section
in this chapter entitled "The Equivalent Lane Concept.")
Now,

Equivalent lane-miles: 1.00 (2-lane arterial mileage) *
1.60 (4-lane arterial mileage) *
1.73 (6-lane arterial mileage)

Therefore, equivalent
lane-miles: 1.00(8) + 1.60(3) + 1.73(12)

: 33.56 lane-miles (4s)
Therefore, equivalent

arterial lane volume: Average daily arterial VMT
Equivalent arterial lane-miles

_ 86,100
33.56

:2,566 vehicles/day (46)

Entering Figure L4l at 2,566 average daily vehicles
per equivalent lane, the following level-of-service results
can be obtained (for district 21):

VMT over level-of-service "C" :51Vo
VMT over level-of-service "D" :42Vo
VMT over level-of-service "E" :36Vo

Next, Figure '1.43 can be entered to determine the per-
cent of arterial route-miles operating over level-of-service
"C." Hence, 37 percent of the arterial mileage in dis-
trict 2l can be expected to operate over level-of-service
,,C."

Output lnformation

It can be seen that the development density/highway
spacing methodology, as applied previously, yields the
freeway VMT, the arterial VMT, and the level of
service provided by the transportation network in district
2l for some future year. The remaining seven districts
in the study subarea can be similarly analyzed.

,l#.#.n+ärr]

!

: 19,721 vehicles (42)

Note that 953,700/55 (i.e., average daily total VM'f,
for subarea +- area of subarea) is the numerator PF in
Eq. 39. Also, 4.4 is the average auto over-the-road trip
distance (miles) for the metropolitan region.

For the study subarea then:

Freeway VMT: Z, X freeway mileage
: 19,727 X 18: 354,978 (or

355,000) vMT
Therefo¡e arterial VMT: subarea total VMT - freeway

VMT - local VMT (43)

If it is assumed that 10 percent of all subarea VMT
is on local stréets, then:

Arterial VMT: g53,7OO - 355,000 -g100
(953,700) VMT

: 503,300 VMT
(44)

- This subarea arterial VMT can then be distributed to
each of the eight districts within the study subarea in
proportion to the distribution of the total VMT (derived
earlier). Then, the arterial VMT by district is as follows:

DISTRICT NO.

PROPORTIONED

7o St¡S¡neâ, ARTERIAL
TOTAL VMT VMT

18
t9
20
21

22
23
24
25

Subarea Arterial VMT

12.6
14.2
10.2
t7.t
11.6

8.4
10.0
15.9

100.0

63,400
71,500
51,300
86,100
58,400
42,300
50,300
80,000

503,300

CHAPTER TEN

SCENARIO FOR SITE DEVELOPMENT IMPACT ANALYSIS: BOISE, ¡DAHO

INTRODUCTION

Jhe purpose of this scenario is to demonstrate the ap-
plicability of manual procedures, described in the pre-
ceding chapters of this user's guide, to a transportation
problem in a small urbanized area. The problem to be

solved involves investigation of tramc effects of significant
site development on the surrounding street system.

The scenario described is for a proposed residential
development and major shopping center in the Boise,
Idaho, urbantzed area. The Boise metropolitan trans-
portation study area is approximately 93 sq mi. The



population in 1970 was 85,0000 and grew to approxi-

mately 108,000 by 1974; it is expected to reach 158,000

by 1990-a relatively rapid growth. In 1970, the median

family income in the Boise urbanized area was $9'900;

there was an average of 1.50 automobiles per household,

and approximately 91.4 percent of work trips were made

by automobile.
Because of Boise's anticipated growth, numerous re-

quests have been made to the metropolitan planning or-
ganization to analyze and evaluate local and regional

effects of proposed new developments. Quite often the

time to evaluate these proposals and impacts is short;

and short-cut, manual methods are desirable for planning

and analysis.
This scenario considers the analysis of the transporta-

tion impacts of two proposed developments in the Foot-
r:r'- -,^- -^-¿L ^G +L^ D^:-^ ^^-+-^I L.""i--cc ¡licfricf qnrì
f llrrs ar Ea llul tll ul rl¡9 uvrù!

an existing north-end community' The proposed develop-

ments include:

' The Highland Square Shopping Mall which will con-

sist of 179,000 sq ft of enclosed commercial area, 139,000

of which will be shopping and 40,000 will be omce space'
. Thunder Hill Village (which is a part of the Foot-

hills development) is proposed with 1,159 dwelling units

consisting of single family homes, townhouses, and apart-

ments units, as well as 50,000 sq ft of convenience shop-

ping area and omce space. The dwelting unit density is

proposed at 3.40 dwelling units per acre.
. Claremont development (also in the Foothills devel-

opment) is proposed at 1,151 dwelting units (mixed single

family, townhouses, and apartments) at 1.28 dwelling units

per acre with no commercial development'

A map of the Boise area showing the location of the

proposed developments is shown in Figure 145. Land-use

estimates by type were available from the developer for
the proposed developments in terms of population, house-

hold income, square feet in commercial uses, acreage in
open space, and recreational use, and the like.

The techniques provided in this user's guide for trip
generation, trip distribution, mode choice, auto occupancy'

time-of-day analysis, traffic assignment, and capacity

analysis will be applied to determine the effects of the

proposed development on the street system.

Summary of Steps Undertaken for Scenario

It was assumed that the proposed developments would

be completed by the year 2000. The Boise metropolitan

transportation study had recently developed forecasts of
trip generation for 149 analysis areas (zones) represent-

ing the future study area. The proposed Foothills resi-

dential development is located outside these analysis

areas and the Highland Square Shopping Mall is sited

within one of the zones (see Fig. 145). The new develoP-

ment was not accounted for in the actual forecasts and

is, therefore, treated as new activity not previously con-

sidered. The general steps undertaken were as follows:

Step 1: Zone the entire study area for ease of manual

application and to provide sufficient detail for traffic es-

t77

timates in the impact area surrounding the new develop-

ment.
Step 2: Aggregate the zonal trip-generation forecasts

to the new analysis areas.

Step 3: Estimate the amount of proposed development

distribution of land use within each analysis area estab-

lished.
Step 4: Use trip-generation characteristics from Chapter

Two to develop person-trip generation estimates for the
proposed developments based on land use and anticipated

socioeconomic characteristics.
Step 5: Use the gravity model manual distribution pro-

cedure and parameters in Chapter Three to determine the

distribution of trips to and from the new development.

Sept 6: Use transit-use and auto-occupancy estimates

from Chapters Four and Five to estimate auto vehicle
frinc fn anr{ frnm the new develonment.

Step 7: Use traffic assignment procedures described in
Chapter Seven to assign trips to appropriate routes. Only
trips to and from the new development are to be con-

sidered in the assignment.
Step 8: Redistribute traffic allocated to alternate routes

based on a balancing technique to account for deficiencies

in all-or-nothing assignment procedures.
Step 9: Analyze capacity implications for the new

developments

SCENARIO DETA¡LS

The following sections describe in detail the steps under-

taken to evaluate the traffic impacts of the Foothills
residential development and the Highland Square Shopping

Mall.

Gharacter of DeveloPment

The developers of the new residential area presented

their proposed plans which indicated the mix of land uses

within the developments. These characteristics are given

in Table 54. There are a total of 2,31'O residential units,

i78,000 sq ft of shopping area, 45,000 sq ft of office

space, and 103 acres of recreation area.

The site plan for the residential area was used to es-

timate the number of residpntial units by type within four
analysis areas. The four analysis areas were delineated

based on factors such as the street pattern inside the

development, the access roads to the development, and the

distribution of land-use activities. The distribution of
these activities is given in Table 55.

Zoning of Region

Trip-generation data for the Boise area was available

for some 149 zones. The zone system was analyzed to

determine how such data could be combined to provide

sufficient accuracy in the application of the procedures

for trip distribution and traffic assignment and yet pro-

vide aìmail enough number of areas to handle efficientþ'
The major impact of the develoPment was anticipated in

the corridor from the north to the central business dis-

trict. Here, the analysis areas are required to be smaller

than those farther away because with farther distances
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Figure 145' Boise metropolitan transportation study area, showíng locations of proposed developments.
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TABLE 54

LAND.USE CHARACTERISTICS OF THE NEW DE-
VELOPMENTS

I. Thunder HiIl (Foothills Developnent)

A. Residential Units

Single Family 292
Townhouses 317
Apartments 550

]159

B.I Corunercial (village Center)

Convenience Shopping 27000 Sq. Ft'

Offices 5000 sq. Ft'

ñ â ^^-*^-^¡-1 lxr^âr Fñ+râñ^ÃìÞ. ¿ uvttutlg!e¡a¿ \!rçs¡

12000 Sq. Ft. shops' etc.

C. Park - Active Recreation - 65 acres'

A. Residential Units

single Family 531
Townhouses 370
Apartments 250

115 I

B. Conunercial - None

C. Park - Active Recreation - 38 Acres

III.Hiqhland Ssuare Shopping MalI

A. No Residential DeveloPment

B. Commercial

Shopping 139000 Sq. Ft.

offices 40000 Sq. Ft.

C. Park - None

TABLE 55

DISTRIBUTION OF VARIOUS ACTIVITIES BY ANALYSIS AREA

(Units)Residential
sis Ar

ftlrder Irill2 c clutr-ttt
- (Fæthil-ls)
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less trips are anticipated, and the routing is not as critical
in the assignment process.

Within the expected impact area, the street system was
examined to determine if route selection would be affected
by the zoning. The zoning selected as appropriate for
the analysis is shown in Figure 146. The decision made
in the selection of analysis areas will become more apparent
as the scenario is described. For the analysis areas se-
lected, the trip-production and trip-attraction estimates
were accumulated from the estimates made by zone by
the local transportation agency. (These estimates are given
in Table 58, Parts A and B.)

Trip Generatio¡-ñlgu, Development

The material in Chaptèr Two, "Trip-Generation Estima-
tion," was used to estimate the average daily vehicle travel
for the new development. This estimate was based on the
land-use characteristics and income estimates made for
the new residential area, the latter developed from the
dollar value of the homes to be constructed.

For single family homes in the development, the per-
centage distribution of such units by household income
ranges (based on current dollars) was estimated as follows:

$20,000 to $25,000
$25,000 and over

45Vo
55Vo

Reference to Table 2 (urbanized area population 100,-
000 to 250,000) in Chapter Two indicates corresponding

average daily person trip rates of 20.4 trips/unit for the
lower income and 2O.6 for the higher income resulting in
a weighted average of 20.5 trips per unit.

The average daily person-trip rate for townhouses was
assumed to be intermediate between apartments and
single family homes and estimated at 1,9.6 based on town_
house units/income distribution of :

$10,000 to $15,000
$15,000 to $20,000
$20,000 to $25,000
$25,000 and over

75Vo

60%
15%
70Vo

39%
55Vo

6Vo

Highland Square
MalL

area boundary,
area number

For apartments, the units/income distribution was es_
timated as follows:

$10,000 to $15,000
$15,000 to $20,000
$20,000 to $25,000

The corresponding average daily person-trip rates from
Table 2 are 18.0 (interpolated), 19.6, and 2O.4 from low
to high income, respectively. If these trip rates are
weighted by the units/income distribution I(0.¡S X f A.O)
+ (0.55 X 19.6) + (0.06 XZO.4)l an average daily per-
son-trip rate of 19.0 is obtained.

To obtain the trip rate by purpose for the residential
development, Table 2 was entered with the appropriate
income and the results weighted to obtain the distribu_
tion by trip purpose by type of housing unit. The results
by purpose are given in Table 56.

LEGEND

Proposed
S'hopping

Analysis
.g \ centroid,

CBD/CentraJ_ city boundary

SÈudy area boundary

Proposed Foothills residenÈial
development

EI

'.:-¡

.a Central citylsuburb boundary

NOTE: This fiqure
ñ--conjunction with

to be used
Figure ,14 5 .

Figure 146' Boise metropolítan area, showing zoning system selected lor analysís and subregíonal boundaries.



The calculations made so far provide average daily

person-trip rates by purPose for the residential develop-

ment. Thi desired result, however, is average daily vehicle

trips per housing unit. The calculations necessary to ob-

tain auto vehicle trips per unit are given in Table 57' The

calculations will be described for the single family case

only, inasmuch as the same procedure is used for the

other types of units. The number of housing units is ac-

quired fìom Table 55. Person-trips/unit rates for each

prr.pot" are obtained from Table 56. Person-trips are

calculated by multiplying person-trips/unit by the number

of units (for home-based work (HBW) trips, this would

be 823 X3j:3,045). The percent of these person-

trips that are auto trips is obtained from l'able 3, Part A,

Chapter Two (for urbanized area population 100,000 to

250,b00). Auto occupancy is obtained from Table 12,

Chapter Five, "Automobile-Occupancy Characteristics,"

for urbanized area population 100,000 to 250,000' Auto

trips are then computed by multiplying person-trips by

thå auto person-trips as a percent of total person-trips

and dividing by auto occupancy [i.e', for HBW trips:

(3,045 X 0.88) -:- 1.37:1,9561' The auto trip rate per

household unit is then obtained by dividing the auto trips

by the number of units (i.e., for HBW trips: L,956:823

- 2.38). These rates are multiplied by the corresponding

units of each type (singte family, townhouses, apart-

ments) and entered in Table 58, "Part A-Productions"'
as shown for analysis areas 1 to 4' For example, HBW
productions for analysis area 3 are calculated as follows:

172 single family units X2.38 trips/unit : 4O9

287 townhouses X 2.38 trips/unit : 683

550 apartments X 2.31 trips/unit :1,271
Average dailY auto triPs :2,363

The same is accomplished for home-based nonwork

(HBNW) trip productions. Nonhome-based (NHB) trips

are not necessarily related to analysis areas 1 to 4 in any

production-attraction sense. Although they are made by

ihe residents of areas 1 to 4, they may be made between

other areas. This is not true of HBV/ and HBNW trips

which by definition are produced at the home end' The

handling of NHB trips is described later in this section'

For the nonresidential portion of the new development'

the trip rates contained in Table 1, Chapter Two, were

used. The new nonresidential development occurs in anal-

ysis areas 3 and 7 (see Table 55) for shopping areas and

offices and in areas I to 4 for recreation'
The following calculations wele made to estimate trips

for the 39,000 sq ft of shopping space in analysis atea 3'

From Table 1, it can be seen that for a neighborhood

retail generator under 100,000 sq ft gross floor area

(GFA), a trip rate of 97 vehicle trips/1,000 sq ft GFA
can be expected. This results in:

39,000 sq ft cFA x ,glJ="ht"f 
=':: 

: 3,783 veh.
1,000 sq ft GFA tiip ends (47)

It is estimated that for a shopping area of the type pro-

posed, 2.2 employees per 1,000 sq ft can be expected,

iesulting in 86 employees' A regional estimate (made by

the local planning agency in Boise) of vehicle HBW trips
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TABLE 56

PERSON-TRIP GENERATION RATES BY PURPOSE FOR THE
RESIDENTIAL DEVELOPMENT

TABLE 57

AUTO TRIP GENERATION RATES BY PURPOSE FOR TiÌE
RESIDENTIAL DEVELOPMENT

a. Frcn Table 55.
b. Frcn Table 56.
:: 

-Ñrù"; 
ãi uoits) x @erm-Trips/unit)'

d. Frcn Table 3' ChaPteÌ'lÞo'
e. Frcn Table 12, GBPteÌ 1{o.
i. fiãäi*i"+ij x (Àuto t of Person-Trips) : Auto ocqpoqt
g. Auto Trips/Nwber of lhits'

per employee of 1.82 was used to estimate HBW trips

attracteã to the area, resulting in 86 X 1.82:156 HBW

attractions to the shopping center. To estimate the pro-

portion of HBNW and NHB trips, the proportion found

from the regional projections made by the local transporta-

tion agency was used. Thus, it was estimated that of the

total HBNW trips plus NHB trips, 56 percent were HBNW
and 44 percent were NHB. Therefore, for the shopping

area, of a total of 3,783 atttactions, 156 are HBW trips;

of the remaining 3,627 trips, 56 percent or 2,031 are

estimated as HBNW trips, and 44 percent or 1,596 are

estimated as NHB triPs'
For office space, 2,000 sq ft is expected to be used as

medical office space and 3,000 sq ft as general office space'

From Table L, 63.5 vehicle trips/1,000 sq ft gross floor

area (GFA) are generated by the medical office space and

11.7 vehicle trips/1,000 sq ft GFA are generated by the

general office space. This results in the following trip

estimates:

Single Fili

fownhouse s

Àpartnents

a. From Table 2' chaPter 2. "Trip Generation E6tlMtlonn
b. (Ferson-Trips,/oui x (t Person-Trips by Putþse)'

HBW HRM

srngle Iamary

Nmber of Unitsa
Person lrips,/UnitsÞ
Person TriPsc

\lto Pss.ltitE æ tlual Pers.lYips
Àuto Occupqnc!Ê
Àuto TriP6t
Auto Trips/Unit9

823
3,1

304 5
88r
r. 37

r955
2:38

423
tr. 3

9300
91*
1.8r

49a4
6. 06

s23
5.5

4521
94t
1.43

2916
3.6r

Townhouses

Nunber of Units
Pers. Trips/Unit
Person TriPs

\uto Pæ.TriF6 æ tlbtal Pæ.IYiP€
Àuto occupancy
Àuto TriPs
Auto TriPs/UniÈ

65.7

2542
s8r
r.37

1633
2. 38

68?
t0 .8

74ZO
97t
r. 8l

3976
5 .19

6A'l
5.I

3504
94t
r.43

2303
3.35

Àpaïtnents

Nwber of Unics
Pers. TriPs/Uniè
Person Trips

Auto Pæ.IYiIE as tIbtal Pñ-TriPs
Àuto OccupancY
Àuto Trips
Àuto TriPs,/Unit

800
3.6

2880
88t
1.37

18 50
2,37

800
10.6

I 480
97t
t.8l

4545
5.68

s00
4.8.

3840
94*
1.43

2524
3. 16



182

2,000 sq ft medical GFA X 63.5 vehicle trips/
1,000 sq ft GFA :1.27

3,0000 sq ft general GFA X 11.7 vehicle trips/
1,000 sq ft cFA : 35

Average daily vehicle trips : 162

It is expected that 77 employees will work in the office
space and make 1.82 HBW vehicle trips per employee for
a total of 31 trips. Therefore, of the total 162 office-
related trips, 31 will be HBW trips. Of the remainder, 56
percent is expected to be HBNW trips and 44 percent NHB
trips (see preceding discussion). This results in 73 HBNW
trips and 58 NHB vehicle trips.

For recreation attractions in analysis area 3, a vehicle
trip rate of 5.1 for county parks (Table l) was used
resulting in 332 recreation attractions (65 acres X 5.1 ve-
hicle trips/acre). All these trips are assumed to be
HBNV/ trips.

The trip-attraction activity estimated for analysis area 3
is summarized as follows:

It is generally assumed that for each analysis area, NHB
productions equal NHB attractions. Therefore, the pro_
ductions for NHB trips in Table 58, part A, are filled in
from the NHB trips as calculated for areas 1 to 4 and
entered in Table 58, "Part B-Attractions."

The remaining calculations for trip generation must be
made for the Highland Square Shopping Mall. The same
procedure as used for analysis area 3 for shopping areas
and office space is applied here. The calculations are
carried out as shown in Figure 147. The results are
summarized as follows and entered for area 7 in Table 5g,
"Part B-Attractions."

HBNW

Shopping area
Offices

Total avg. daily veh.
trips 799 3,78t 2,970

564
235

3,257
524

2,559
4tr

The NHB trip estimate is also entered for zone 7 in
Table 58, "Part A-Productions." The results given in
Table 58 are next entered into work sheets for trip dis-
tribution (as described in the next section). The trþ-
production estimates are entered directly into the trip-
distribution table. If the total of areawide attractions difiers
from areawide productions, an adjustment is generally
made to the individual analysis area attractions to strike a
balance. Review of Table 58 will indicate the following
production and attraction vehicle trip ends by purpose:

187 2,436 1,654

The dwelling units (DU) in analysis area 3 also attract
some HBNW and NHB trips. To estimate such attraction,
the information in Table 3, Part C, was used. Based on
this information, HBNW attractions per unit equals 1.0
X dwelling units and NHB trips per unit equals 0.5 X dwell-
ing units. There are 1,009 dwelling units in area 3, thereby
resulting in 1,009 HBNW attractions and 505 NHB
attractions. Adding these attractions to the preceding
attractions for shopping, office, and recreation, the follow-
ing average daily vehicle trips are obtained:

HBW NHB

--i--ì
Shopping area
Offices
Recreation

Total avg. daily veh.
trips

t56
31.

0

2,O31
73

332

1,596
58

0

rFJ

PRODUCTIONS
FACTOR

ATTRACTIONS ADJUSTMENT

HBW
HBNW
NHB

133,272
473,396
3t4,651

l28,gl6
408,657
321,191

1.035
l.otz
0.980

These results are entered in Table 58, ..part B-Attrac-
tions," for analysis area 3. For analysis areas l, 2, and
4, the following results are entered in Table 5g.

It can be seen that a slight imbalance exists between the
HBW and HBNW trips. To balance the attraction vehicle
trip ends for each of the 19 analysis areas in order to
match the production/attraction control totals, the adjust_
ment factor is applied to each of the 19 attraction trip ends
for both the HBW and the HBNW trips. For example,
for analysis area 5, the HBW and the HBNW attraction
trip ends are adjusted as follows:

HBW: 302 X 1.035 -_ 313 vehicle trip ends
HBNW: 2,L86 X 1.072 :2,212 vehicle rrþ ends

And so on for all other analysis areas. These adjustments
are undertaken before entering the production/attraction
trip ends in the trip distribution work sheets described
subsequently.

To assess the actual clock time required to conduct the
manual trip-generation procedures described previously, a
time log was kept for the various steps undertaken. The
time log shows that the entire trþ-generation procedure
required a total of 12 person-hours as follows:

HBW
HBNW 2,436 + 1,009
NHB 1,654 + 505

: 187
:3,445
:2,159

ANAL-
YSIS

AREA DU'S

IIBNW
TRIPS
er 1.0
rnrps/

DU

NHB
TRIPS
er 0.5 RECREA-
rrups/ TroN

DU .{CRES

TIBN\)V

TRIPS
ar 5.1
TRIPS/
ACRE

I
2
4

225
390
686

225
390
686

L13
195
343

15

15

8

77
77
4T
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PROCEDURAL STEP

TIME REQUIRED

PERSON-HOURS

Zoning of region.
Conversion of zones to
analysis areas.

Accumulation of zonal P's and
A's to analysis areas.

Generation of trips for new land
uses.

Total

Trip Distribution

Using the trip-generation output from the previous step,

the manual trip-distribution procedure was applied to dis-
tribute trips among the 19 analysis areas established. The
average daily vehicle trips by each of the three purposes
(HBW, HBNW, and NHB) were distributed in turn. Trip
distribution was conducted in exactly the same manner as

that described in Chapter Three, "Trip Distribution'" As
such, the actual application process is not described here in
elaborate detail, except for situations where the process

deviates from that in Chapter Three.
The distribution process began by frrst delineating clearly

district boundaries and centroids for all 19 analysis areas,

in addition to laying out the significant highway network on
a map of the Boise region, that is, freeways and major
arterials. Also defined were subregion boundaries for the

Boise CBD, the central city, and the suburbs. The CBD
boundary was relatively easy to identify; the central city
boundary, however, required careful judgment because this

boundary also defines the inner periphery of the suburb.

Atl these geographic and network characteristics were

indicated on a large map of scale lz in. to 1 mile. Figure
148 shows district boundaries and centroids, subregion
boundaries, the highway network, and other relevant
features of the Boise study area. (See also Fig. 146.)

The next step involved setting up a 19 X 19 triP-distribu-
tion matrix for each of the three purposes. For each

matrix and each purpose, district numbers and the pro-
duction and attraction vehicle trip ends were inserted in
the appropriate cells. The completed trip distribution work
sheet for HB work is shown in Figure 149. Similar com-

putations were accomplished for HBNW and NHB trips'
respectively, but are not shown. Notice that the individual
attraction trip ends have been adjusted to achieve the

regionwide control totals, as has been described previously.
The district-to-district travel times were then inserted

in the corresponding cells of each of the matrices' (Recall

that the travel time from area i to arca I is assumed to
remain the same as that for I to i. In effect, therefore, the

travel times remain the same irrespective of trip purpose')

To develop the district-to-district travel times, the "Airline
Distance vs. Travel Time vs. Distribution Factors" graphs

shown in Chapter Three were used' The series of charts

that applies to urbanized areas that fall in the 100'000 to

250,000 population group was used for the Boise area
(Figs. 13 through 18). Recall also that construction of
the travel time for any trip interchange [of which there

are (l9XL9)/2- 181 trip interchangesl involves several
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sequential steps. First, measurement from the map of the

airline distance, the corresponding over-the-road arterial-
freeway mix, and an indication of the subregions that are

to be traversed; that is, CBD-to-CBD, or CBD-to-suburb,
central city-to-suburb, and the like' Then, using this in-

formation, the appropriate graph was entered to obtain the

corresponding travel time.
As can be inferred from this discussion, construction

of the travel time matrix is repetitive, tedious, and quite

involved. To lessen this burden, two technicians were

assigned this task, so that one could read off trip inter-

change information from the map, while the other could

obtain the corresponding travel time from the graphs and

record the same on the trip distribution work sheets.

Having obtained and tabulated travel times for all
district-to-district trip interchanges, the next step was to
insert distribution (friction) factors corresponding to each

of these travel times anci each of the purposes. Travei
times and the corresponding distribution factors by trip
purpose used for trip distribution are given in Table 59.

After all the basic information (i.e., productions,

attractions, travel times, and distribution factors) had

been compiled, the actual distribution process was under-

taken in turn for each of the trip purposes' The process

was applied through two iterations, yielding the final values

of the 19 X 19 trip interchanges. These final results were

scrutinized for reasonableness and consistency; for ex--

ample, by apptying systematic arithmetic checks for key cal-

culations, by checking production and attraction trip
balance, by conflrming the magnitudes of selected trip
interchanges, and the like. When no errors were detected,

the three trip-distribution tabulations were considered to

be complete.
The flnal auto trip interchanges (and all required steps)

are shown in Figure 149 fot the HBW trip purpose.

During application of the manual trip-distribution pro-

cedure, an accurate time log was compiled, not only to
monitor progress of work but also to acquire an idea of the

actual time and manpower resources used. At the con-

clusion of the distribution process, the time log indicated
' the following time requirements:

PROCEDURAL STEP

TIME REQUIRED,

PERSON-HOURS

-1_

4.
5

n

1.

2.

4.

Setting up of map (districts, highway
network, etc. ) .

Derivation of travel distance/travel
time/distribution factors.
Distribution of HBW trips.
Distribution of HBNW and NHB trips.

Total

6
6

19

n

The trip-distribution process for all three trip purposes

consumed a total of 33 person-hours' Note that this total
time requirement is higher than that estimated from Figure
39, Chapter Three (i.e., 24 person-hours for 19 areas).

This higher time requirement can be attributed to the fact
that the HBNW and NHB trip distributions were under-

taken by a single clerk who had no familiarity and no
prior experience with any transportation planning proce-
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TABLE 58

AVERAGE DAILY VEHICLE TRIP ENDS

PART A - PRODUCTIONS

ATÏRACTTONS

From Regional I Estlmate as
Zonal Forecast Described

From Regienall Estimate as
Zonal Forecast DescrÍbed

From Regiona! Estimate as
Zonal Forecas_t Described

I
2
3
4

5
6

7

2272
3 850

337r

729L
666
526

207 0
367 2

77594
684I

313 30
1 3169
16879

3325

6922
L2056

1060s

2265L
2083
L6L4
6575

11517
547L8
21308
98335
4L944
52405
10317
46880

16 33
937 2

4045

10881
6832

403 94
19448

4L79
2977 4
25508
48LzI
25561
33 205

4037
4588 r

]-27830 399930

413396

3088714

314 6 5i_

HBW HBNW NHB
Analysis

Area
From Regional
Zonal Forecas

Estimate as
Described

rrom negionall Estimate as
Zonal Forecast Described

From Regiona
Zonal Foreca

Estimate as
t Described

1
2
3
4

5
6

7

8
9

10
11
I2
13
74
l5
16
L7
I8
19

302
319I

830

365r
3628

26485
7252
1485

10994
11680
1s049
11710
13475

2522
1556 9

r87

79.9

2I86
r.7 318

54 15

15083
7813

39 613
23262

6l-64
37008
24528
7 0532
29678
56245

5062
60028

302
467

3445
727

37 81

1667
I0282

4r9 6

110 29
6II7

38148
]-67 65
107 6s
4216 

]30304 |

25222 I

5t44s I

26s72 I

33403 I

44876 I

I13
195

2I59
343

2970

Subtotal L27830 986 3 99935 87 22 315 41ta 57 A0
TOTAL 128816 408657 321I91

The

:,i

'::1..

:l'' l

.. i-i
.l j....ì

:.1. i

' j;,i
..j
,ill , ,,'l

,.!.:.1
,."i.-:|

I

.:

a. The NHB productions and
procedures used locally

attractions
in Boise.

from tJle regional zonal fore¿asts not equal due
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Jg¡epting Area equals 139000 sq' ft' GFA

Trip Rate equals 45-9 vehicte Trips/l000sq'ft'

Trips = 45.9/]¡OO x 139000 = 6380 Vehicle Trips

Employmenr Estimat" = {?. ? Itlp"4l009"q'É!=--GFAT.6 Trips,/EmploYee

(Table 2)

rvvvÈY. ! \
(Tab1e 1)

= 2.23 x 139000 = 3I0 EmPIoYees
rõõõ

HBWTrips,/Employee--1.82x310=564AverageDailyVeh.Trips

HBNW + NHB Trips = 6380 - 56'4 = 5816 rr rr tr rt

HBNVÏ =0'56 x 5916 = 3257 rr rr rr rr

NHB =ç.11 x 5gL5 = 2559 rr rr rr rr

ft. GFA Office S

10,000 sq. ft. Medical G 63'5 trips'/10000sq'ft'GFA =635 veh'Tri

25,000 sq. ft. General G 11.7 Lxips/IOOOsq.ft.GEA =293 11

5,000 sq. ft. Government G 48'3 Èrips/t00Osq'fE'GFA=242 rr

(Rates from Table 1) 1170 tr

EmPloyment Estimate

Medicat: (63.5 TriPs/190Osq'ft'GFA) x 10000sq'ft' = 25

25 IxíPs/Emproyee

General: (Ll-7/3-5) x 25

covernnent: (48.3/I2) x 5

Total EmPloYees

HBW TriPS

HBrNI¡il Trips

NHB Trips

I.82 x ]-29

0.s6 (1170 - 235)

0.44 (1170 - 2351

235 Avg.Daily

524 rr n

411 tr tr

1170 . rr rr

Figure 147. Calculations of tfip attractions for shopping mall'

dures. The time estimates in Figure 39 apply to relatively

skilled and experienced technicians'

The auto+rip interchange results obtained from this trip-

distribution stage are now used as input to the trip-assign-

ment stage. óescription of the assignment procedure

follows.

Trip Assignment

The actual trip-assignment process used was the all-or-

nothing assignment method described in Chapter Seven'

"Traffiã- Assignment Procedures'" Because the objective

of this .""o"iio is to investigate additional trafrc impacts

caused speciflcally by the new developments (i'e', Thunder

Hill, Claremont, and Highland Square Shopping Mall)'

only tript to and from these new developments were

"o*i¿"r"d 
in the assignment process' Furthermore' the

ur"u ¿"tig""ted for stuãy of traffic impacts was confined to

ã""fvtit ãreas immediaiely adjacent to the new develop-

-enis, ioasmuch as this is where major impacts were

anticipated.
tne nrst step of the assignment process' therefore' in-

uoiv"d setting ãut an impact boundary' Figure 150 shows

u-l"p of thã new deveíopment areas and location of the

im;ä ïo""¿uw. The boundary encompasses analysis

"rËur 
5, 6,7, and 9, and it is within these areas that the

traffic impacts are to be determined'
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Fígure 149. Tríp distributíon matríx work sheet for HBW vehicle tríps.
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FRICTTON FACTORS
BY TRIP PURPOSE

TRAVEL
TIIvIE (MÍns. )

I
)
3
4
5
6
7
I
9

10
1I
I2
I3
L4
15
16
I7
I8
19
20
2L
t)
23
24
25
26
27
28
29
30
31
32
33
34
35

18.00 I 80.00
11.00 I so.oo

8. s0 | 34. oo
6.60 | 22.00
5.20 I 17.00
4.20 I 10.00
3. s0 I 7.002.90 I s.ao2.so I ¡.go
2.2o | 2.90r.90 I 2.oo
L.70 I 1.60
1.30 I L.20
1.10 I 0.92
0.96 I 0.78
0.82 I 0.700.72 | o.ee
0.65 I o-44
0.s0 I 0.38
0.s2 I 0.33
0.4s I 0.30
0. 40 I 0.270.36 | o.z¡0.32 | o.2o
0.29 I 0.190.27 I 0. r8
o.24 I 0. 170.22 I o.re
0.19 I 0.14
0. 18 I 0.13
0. 17 I 0,11
0.16 I 0.10
o. 14 I o. os¿
o. 13 I o. ogs
o. 11 I o. ozs

50.00
30. 00
18.00
12.00

9.00
7 .00
5.00
4.00
3.00
2.20
1. 80
r. 50
I.20
1. 00
0.80
0.70
0.60
0.60
0. 50
0.40
0.3s
0.30
0.28
0.22
0 .20
0.18
0.16
0.1s
0.14
o.12
0. r0
0. 095
0.088
0.079
0.067

I

I

...1

'.1
ì:-i'i

'.:. 
.
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TABLE 59

TRAVEL TIME AND FRICTION FACTORS BY TRIP
PURPOSE USED FOR TRIP DISTRIBUTION

Next, the significant freeway-arterial network in the
Boise region was laid out. It was made certain that in the
identification of significant routes, all areas were provided
with highway access to and from the new development
areas. As for the traffic impact area itself, a slightly more
detailed network was selected. In this selection piocess,
the width, traffic capacity, and existing traffic volumes
were some of the factors used to determine the significance
of routes. Then, highway segments within the impact
boundary were numbered in an orderly manner. The net-
work selected for analysis is also shown in Figure 150.

The loading (stringing) of average daily vehicle trips
onto the highway segments was abcomplished using the
tabular method desc¡ibed previously in Chapter Seven.
Two assignments were actually carried out. The first
involved loading of HBW vehicle trips, ultimately adjusted
by an appropriate factor to convert the same to total
vehicle trips. The second involved loading of the sum of
HBW, HBNW, and NHB vehicle trips. The reason under-
lying this venture was to compare volumes obtained from a
factored HBW trip assignment to those obtained from a
total trip assignment. The primary objective here was to
investigate whether trip-distribution steps for HBNW and

NHB purposes can be eliminated; that is, if factored HBW
trips yield results close to total trips for all purposes, the
question arises whether trip distributions for other purposes
are at all necessary for quick-estimate planning.

Factoring of HBW trips to total trips has seldom been
used in actual transportation planning practice. However,
it does take on added importance for quick-response,
sketch-planning techniques, such as those described in
Chapters Two through Nine, because considerable time
savings could be achieved. The Boise scenario, in addition
to simulating the traffic impacts of the new developments,
also attempts to investigate the effectiveness and accuracy
of expanded trips.

In order to obtain the expansion factor, reference should
be made to Table 39, Chapter Six, "Time-of-Day Char-
acteristics." For an urbanized area the size of Boise, the
table indicates a multiplicative factor of 5.5 necessary to
expand HBW trips to total trips. Hence, after assigning
HBW vehicle trips, the accumulated vehicle trips for each
highway segment would then be factored by 5,5 to arrive
at the total vehicle trips. Trip assignments for HBW
(XS.S¡ trips and for HBW + HBNW + NHB trips are
described as follows.

Assignment of HBW (X S.S¡ Vehicle Trips

Unfactored, HBW auto trips were assigned to the
selected highway network (shown in Fig. 150) by choosing
the most reasonable routes for the following trip inter-
changes (with the necessary adjustments) :

From area i to area j I for i : 1,2,3,4, and
From area I to area í | i : Sthrough 19

One-half of HBW)
trips from area jl forj:5through19
to area 7 )

To elaborate, all HBW trips produced by the new devel-
opment areas L, 2,3, and 4 and, attracted to all the other
15 areas, and those produced by all the other 15 areas and
attracted to areas 1,2, 3, and 4 are assigned to the network,
[Note, however, that the HBW trip-distribution matrix
(Fig. 150) indicates that only district 3 of the new develop-
ment areas I to 4 has any HBW trip attractions.l In addi-
tion to these trip interchanges, the Highland Square
Shopping Mall in analysis area 7, although itself not pro-
ducing any HBW trips, does attract one-half (t/z) of the
HBW trips attracted by area 7 froin production areas 5
through 19. The 1/z factor is derived from Table 58, "pari
B-Attractions," by noting that the shopping center
accounts for about one-half of the total district 7 attrac-
tions. There are 830 HBW attraction trip ends due to some
activity in the district, and.799 HBW trip ends due to the
shopping mall itself. The ratio 799/830 * 799) is the
L/z factor.

The results of the tabular HBW auto trip assignment are
shown in Figure 151 with trips inserted in appropriate cells
corresponding to the most reasonable route for a particular
interchange. For example, for trip interchange 3-6-3,lhe
HBW trip-distribution matrix (Fig. 149) indicates 174
average daily vehicle trips from district 3 to district 6, and
12 trips from district 6 to district 3, amounting to a total of

ì

:;'

''t

i.
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Figure 150. Traffic impact area relative to proposed developments and highway network selected for fiaffic assígnment'

186 trips. These are inserted in cells 9, 24, 2'5,26 repre'
senting the most reasonable path to and from areas 3 and

6. (See highway network in Fig. 150.)
Notice also that trips from area 5, for example, to the

Highland Square Shopping Mall (district 7) arc one-half
of the trips indicated in the trip-distribution matrix for that

trip interchange; that is, VzX47-24 (to the nearest

trip). Hence, for the districts 5 to 7 trip intetchange,2 
trips are inserted in cells 12, !1,3I,32,7, 13, and I
representing the minimum Path.

Average daily HBW vehicle trip totals for each highway

segment are shown at the bottom of Figure 151. For
instance the total number of HBW trips on highway seg-

ment 4, for example, is 101 + 185 + 160 + t33 + Ltz
+ 87 + 83 + 23 + 142 + 35 -f 36: t,O97. And so on

for all other highway segments.

In order to convert these HBW average daily vehicle

trips to total vehicle trips, the 5.5 expansion factor as given

by Table 39 was applied to the HBW trips. Thus, for
highway segment 4, for example, the conversion is as

follows:

Total auto trips on highway segment 4
:L,O97 (HBW vehicle trips) { 5.5 (expansion factor)
:6,034

And so on for all other highway segments, the results of
which are shown in Figure 151.

Assignment of HBW + HBNW + NHB Vehicle Trips

The sum of the average daily vehicle trips for these

three purposes was assigned to the same minimum paths

identified previously for the following trip interchanges

(with the necessary adjustments) :

For HBW, HBNW and NHB trips, the sum of trips:

From area i to area j) where i: 1,2, 3, 4 and
From area j to area il i: S through 19

For HBW trips:
One-half of HBW\
trips from area i to I
area 7 |

For HBNW trips: ) where j: 5 through 19

41.1 percent of HB-[
NW trips from area Ijtoarea1 t

For NHB trips:
41.4 percent of NHB\
trips from arca 1 tol
arcai ,l rth"r"j:5through19
41.4 percent of NHB(
trips from area i tol
area 7 I
The adjustments noted previously require some clarifica-

tions. For all three purposes, vehicle trips to and from the

new development and the 15 other districts are added

together to obtain the total trip interchanges. In addition
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to these interchanges, trips to the Highland Square Shop-

ping Mall in area 7 have to be accounted for. For HBW
trips, the mall does not produce but does attract one-half

of HBW trips attracted by area 7 from production areas 5

through 19. tTlíis situation is described in the preceding

section, "Assignment of HBW (XS.S¡ Vehicle Trips.''l
For HBNW trips, the same is true of the mall; that is, it
does attract but does not produce HBNW trips' Because

41.1 percent of the HBNW attraction trip ends in area 7

are attributed to the mall itself, trips from production area

5 through 19 to the mall have to be factored by that

fraction. For NHB trips, however, the mall both produces

and attracts such trips, but because 41.4 percent of the

NHB production and attraction trip ends in area 7 are

attributed to the mall, both trips to and from the mall and

area 5 through 19 have to be adjusted by that fraction'
The 41.1 percent HBNW attraction factor and the 4l'4

percent NHB attraction factor are derived from Table 58,

"Part B-Attractions." For area 7, there ate 5,4t5 HBNW
trip ends due to some activity in the analysis area and 3,781

HBNW trip ends due to the shopping mall itself. The

ratio 3,781/(5,415 + 3,781) is the 41.1 percent HBNW
factor. Similarly, the NHB factor is given by the ratio

2,970/ (4,196 + 2,970) :41.4 Percent.
The results of the tabular HBW + HBNW average daily

vehicle trip assignment are shown in Figure 152. Trips

have been inserted in cells corresponding to minimum
paths identified in the previous assignment' The assignment

was carried out in a manner similar to that described for
the HBW assignment.

The HBW + HBNW + NHB vehicle trip totals for each

highway segment are shown at the bottom of Figure 152.

For instance, the total number of HBW + HBNW + NHB
trips on highway segment 4 is 289 + 649 + 1,148 + 688

+ 312 + 442 + 25O + 388 + 1,125 + 306 + 4O7: 6,004'

And so on for all other highway segments.

The two trip assignments for additional traffic from the

new developments (analysis areas l, 2, 3, and 4 and the

mall in area7) arè now complete. It can be seen from the

previous discussion that trips to and from area 7 required

certain adjustments depending on the magnitude of attrac-

tions to the mall. All these adjustments could have been

avoided by creating a special zone for the mall itself, for
example, arca 7 A. This alternative approach would have

meant an extra zone for trip distribution and trip assign-

ment, but then the factoring would have been eliminated'
At this juncture, the reader must be reminded that the

results of the preceding trip assignments (for additional
traffic) are based on the all-or-nothing method. This

method, although simple in application, often yields un-

realistic traffic volumes because it does not explicitly
consider the numerous factors that influence the driver's

choice of routes. In most computeÅzed assignment

packages, capacity restraint functions are available to

adjust and bàlance such unrealistic traffic volumes' For

this scenario, a manual post-assignment redistribution

technique developed by R. H. Pratt Associates (72) was

used. ihis technìque has been described in Chapter Seven

in the section entiiled, "Distribution of Assigned Volumes

Ã-otg Available Facilities'" This adjustment constitutes

the final steP of trþ assignment'

Post-Assignment Redistribution of Assigned Volumes

The highway network selected for post-assignment redis-

tribution was that contained in analysis area 6' Figure 153

shows the .actual network, the existing 197 6 îaffic volumes,

and level-of-service "C" capacities for district 6. (The

existing volumes exclude the additional traffic generated

by the new Foothills and Highland Square developments')

Figure 153 also shows the 10 horizontal cutlines across

which the all-or-nothing assignment volumes are to be

redistributed. Figure 154 shows the highway network in
analysis area 6 and the eight vertical cutlines used for re-

distributing the assigned volumes.

Figure 155 shows the computations necessary for the

assignment of volumes obtained from HBW (X5.5) trip
assignment for the horizontal cutlines (A-A through J-J)'

Computations for the vertical cutlines (K-K through S-S)

^-ô -^+ -L^,,,- L---:- hrrt .¡¡er.e condllCted in a- manngf419 ¡ruL ùt¡vwu ¡¡wrv¡¡

similar to that for the horizontal cutlines. Although not

shown, assignment redistribution computations similar to
those aforementioned, were also completed for the HBW

+ HBNW * NHB triPs.

It must be pointed out that complete data on base-year

traffic and capacities for all links in the highway network

were not available. In several instances, therefore, certain

traffic conditions were assumed-primarily, the proportion

of traffic flow across any cutline was assumed to be constant

anywhere along the corridor for the horizontal cutline

adjustments (Fig. 155). For vertical cutline adjustments,

most of the basic data were not available result, it
was not possible to conduct the assignment adjustments in

their entiretY.

In conclusion, the unadjusted and adjusted traffic vol-

umes for both the HBW (X5.5) and the HBV/ + HBNW

+ NHB trip assignments are given in Table 60; these

¡esults (for selected links in the network) are compared

against results projected by the local Boise transportation

a!".rcies. Note that the traffic results given in Table 60

aL derived by adding traffic volumes by link from the trip

assignments to that already existing in the base year' For

exaÃple, consider highway link 10 for which the existing

volume is 3,600. The various traffic projections are

as follows:

o Boise local transportation agencies-link 10:

Additional traffic due to new developments : 1'530

Existing traffic :3,600
Total 5,130

o HBW (XS.S¡ assignment-link 10 (adjusted) :

Additional traffic due to new developments - 3'762

(Fig. 155, Column h)
Existing traffic :3,600

Total 7,362

- 3,600

Total ?POl

¡ HBW + HBNW + NHB assignment-link 10

(adjusted) :

Additional traffic due to new developments - 3,401

(data not shown)
Existing traffic
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a. AIl traffic data is due to the new developments; the volunes are 2-directional and neasured in
average daily traffic (ADT).

l! Base year traffic volumes not available, but the proportion of traffic across any cutline has
been ãssumed to be the same throughout the corridor - such percentages are shown in Parentheses
(xx.x) in column b.

* oata on capacity not available (not needed, however:¡ for.' calculations above).

* Final, balanced volumes as a result of traffic redistribution.

Fígure 155. Adjustment computationsfor HBll (XS.S¡ assignment volumes (horizontal cutlines)."
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TABLE 60

CoMPARISON OF TRIP ASSTGNMENT RESULTS (ALL-OR-NOTHTNG AND ADIUSTED VOLUMES) VS.
DATA FROM LOCAL TRANSPORTATION STUDIES

Traffic for the other selected links given in Table 60 was
similarly calculated. A review of Table 60 indicates that
post-assignment redistribution of traffic does indeed make
significant adjustments to the all-or-nothing traffic assign-
ment volumes. Furthermore, traffic volumes obtained for
the HBW (X5.5) trip assignment compared satisfactorily
with those derived from the HBW + HBNW f NHB trip
assignment. A ceitain degree.of confidence can be at-
tributed to the expansion factor of 5.5 and, for quick sketch
planning projects, it would seem possible to rely on
expanded/factored trips, rather than undergo separate
assignments for the various purposes.

The time log for the trip-assignment process indicated
the following time was expended:

PROCEDURAL STEP

TIME REQUIRED,

PERSON-HOURS

1. Setting up of networks, assignment
table

2. HBW (XS.S¡ trip assignment
3. HBW + HBNW + NHB trþ assignment
4. Redistribution/adjustment of all-or-

nothing assignment (2) volumes

Total

Est¡mat¡ng Potential Transit Use

The material in Chapter Four, "Mode-Choice Analysis,"
enables estimation of potential transit use for the new Foot-

hills residential development. Because most transit trips
will be work-oriented, system improvements are generally
based on work travel. For this scenario work travel to and
from the CBD generated by the Foothills development is
assessed.

A review of the HBW trip-distribution matrix (Fig. 1a9)
indicates that the following HBW trips between the new
development (analysis areas 1 to 4) and the CBD (analysis
area 10) are made by auto driver:

INTERCHANGE

1-10
2-ro
3-10
4-t0

240
256
688
433

: ,.!

'1

J

2
J

3

11

Instead of using the nomograph (Fig. 74) provided in
Chapter Four, computations more specific to the situation
are used to illustrate how the mode-choice methodology
may be tailored to a specific situation. Table 61 gives the
pertinent auto and transit measures for travel between ihe
analysis areas,

The mode-choice analysis is based on the equation:
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(Impedance, auto)2
(Impedance, auto)'z * (Impedance, transit) 2

x 100
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Impedance: (1.0 vehicle time) + (2.5 X excess

, Trip cost
' Income factor

7o'fransit: 36.22 x 100: 14%

20t

(s0)
36.22 + 89.62

Similar calculations are carried out for interchanges 2
to 10,3 to 10, and 4 to 10 resulting in 10-, 11- and 12-

percent transit use, respectively.
The assumption used in developing this scenario was that

approximately 12 percent of HBW trips would be by transit
and that auto occupancy is 1.37. (See Table 3, Part A, in
Chapter Two and Table 12 in Chapter Five.) The auto
driver trips presented previously can be converted to
person-trips by applying the following factors:

time)

(4e)

where income factor: ls X annual income ($) +- 120,000.

To illustrate for interchange I to 10:

Impedance, auto: (1 x 12) + (2.5 X 5) + (55/4.72)
:36.2

where income is estimated at $ 17,000 per year and therefore
income factor: yr X 1,700,000 -:- 120,000 :4.72
and
impedance, transit: (l X24) + (2.5 X22) ¡ (5O/4.72)

- 89.6

AUTO

INTERCHANGE TRIPS

PERSON-

TRIPS

1-10
2-ro
3-10
4-to

24O>( 1.37 -+' (1 - O.l2) : 374

256 X 1.37 -: 0.88 : 399
688 X 1.37 -: 0.88 : l,O7l
433 x L.37 -: 0.88 : 674

Transit trips would be calculated as using results of the
mode-choice estimation as follows:
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INTERCTHNGE TRIPS

TRANSIT

TRIPS

1-10
2-t0
3-10
4-to

374 X 0.14
399 X 0.10

1,071 x 0.11
674 X O.r2

52
40

118
81

2

The number of trips in each direction would be Vz of. the
preceding (i.e., Vz in ervr and Tz i¡ p:ll). The total trips
to and from work by transit can be expected to be 146.

The foregoing calculations were based on a $0.50 transit
fare,7/z hour headway, and $1 parking. It is a simple and

rather quick process to develop alternatives; for example,
if a 10-min headway was to be tested, excess time by
transit in each movement would decrease by 10 min
(3O/2-lO/2). The new percent transit and absolute trips
would be estimated as follows:

INTERCHANGE 7o rneNsrr TRANSIT TRIPS

1-10
2-to
3-10
4-10

90
72

236
t75
573

Assuming the original
fare for transit is to be
result:

conditions except that a $0.25
used, the following trips would
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Again, assuming the original conditions except that a
$2 daily parking fee was imposed at the CBD end for
automobiles, the following trips would result:

INTERCHANGE 7o tn¡Nsrr TRANSIT TRIPS

ment. Additionally, manual techniques for determining
auto occupancy, volume-capacity adjustments, and modal
split were also applied. Generally, the results of the
manual application of the travel-estimation techniques were
satisfactory, and the complete scenario was conducted in
approximately 60 person-hours. A breakdown of the time
requirements by the major steps follows (only time for
assigning the total of all trips is given) :

1-10
2-70
3-10
4-10

21
t6
20
22

79
64

274
L48

505
TIME REQUIRED,

PERSON-HOURSMAJOR STEP

Each set of the foregoing calculations based on the
changes to the original assumptions can be completed in
about 30 min using an electronic calculator.

SUMMARY

A scenario was conducted for the Boise metropolitan
area to determine the traffic impacts of a residential devel-
opment in the Foothills area and the Highland Square
Shopping Mall. Techniques used to quantify these impacts
were those described in the preceding chapters. Applica-
tion of such techniques was entirely manual and required
nothing more sophisticated than an electronic desk calcula-
tor. The scenario was simluated through various steps-
primarily trip generation, trip distribution, and trip assign-

1 Trip generation
2. Trip distribution
3. Trip assignment
4. Modal Split
5. Miscellaneous

Total

If the approach of handling only HBW trips was used
(and then expanding to total trips), considerable time
savings would have been realized. The trip-generation
step would have been reduced to about 10 hr, the trip-
distribution step to about 14 hr, and the trip-assignment
step to about 8 hr. The entire scenario would have taken
about 38 hr.

l2
JJ

9
3

3

60

i

i
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CHAPTER ELEVEN

SCENARIO FOR CORRIDOR ANALYSIS: COLUMBUS, OHIO

INTRODUCTION

Application of the user's guide procedures in Columbus,
Ohio, represents an appropriate example of corridor analy-
sis. Typically, such an analysis could be required in any
urbanized area. Its appropriateness can be attributed to
the location of the corridor under investigation-it is lo-
cated just outside the existing Columbus transportation
study area. In the past, the corridor has been treated as

an external location.
The corridor is a 5-mi stretch running along state route

(SR) 256 between Pickerington and Reynoldsburg. It is
located along the eastern border of the Columbus study
area and is oriented in a north-south direction between
two major highways-US 33 and US 40. Figure 156 shows
the corridor within the Columbus area.

Today, the area adjacent to SR 256 is largely rural with
a few small residential subdivisions along its length. The
route itself is a 2-lane rural road 18 ft in width with an

undulating alignment. It has short vertical sight distances

but, because of its rural location, it has an operating speed

of 48 mph.

Proposals have been submitted to concentrate develop-
ment in the eastren part of Columbus and in the SR 256
corridor during the next 20 years. The population of the
area is expected to increase to 54,545 in the year 2000,
and employment for the same year is estimated at 21,599
jobs, compared to expected totals in Franklin County (the
existing Columbus transportation study boundary) of
I,259,817 people and 613,702 jobs.

Data for the SR 256 corridor are not available for the
7974 base year; however, virtually all growth outside the
Reynoldsburg and Pickerington, corporate limits will be
new development. By contrast, Pickerington and Reynolds-
burg are well-established communities and will experience
a minor portion of the total growth.

Assessment of significant growth impacts within a cor-
ridor area external to an existing transportation planning
study area can be quite time-consuming using existing
computerized models and procedures. Such an effort would
require expansion of the study area cordon to include the
corridor and the development of system networks for the

area. Except for the quantification of significant land-use
variables, other major efforts, such as detailed net'li/ork



analysis, were not required for application of the manual
procedures.

To assess the impacts of the new development on SR

256, the following information was provided by the Ohio
Department of Transportation and the Mid-Ohio Regional
Planning Council.

1. Land-use data for t974, by traffic analysis zone, for
Franklin County.

2. Year 2000 land-use control totals for Franklin
County.

3. Year 2000 land-use data, by traffic analysis zone, for
the SR 256 corridor outside Franklin County.

4. Highway travel characteristics, including existing net-
works for Franklin County.

5. General development plan for the SR 256 corridor
area.
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The following sections describe the steps taken to apply
the manual techniques and the conclusions reached on the
development impact on SR 256.

Summary of Steps UndeÉaken for Scenario

Application of the user's guide procedures required the
following major steps, which also include those tasks neces-

sary as preparation for application of the procedures.

Step 1: Analysis districts that would be used in the

Çolumbus study area were defined.
Step 2: Year 2000 land-activity data were organized

by analysis districts as preparation for applying trip-genera-
tion procedures.

Step 3: Trip-generation procedures were applied to esti-

mate the productions and attractions of the study area for
1-,- :-- -r--J- r ^--^- --,:¿L:- D-^-I-1:-tng year ¿uvu. I tlls s[cP lllçluutsu alçaù wlllrur r'¡ 4r¡Àtur
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Figure 156. Columbus, Ohío, transportation study area, showing location of corrídor under investigation.
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County and appropriate sections of Fairfield County. After
application of the procedures, attractions were balance'I
against productions, by trip purpose, as preparation for
the trip-distribution phase.

Step 4: A year 2000 vehicle trip table was developed
through application of the trip-distribution procedures.
Trip tables were developed for the HBW and HBNW
person-trip purposes and converted to vehicle trips.

Step 5: Vehicle trips were assigned along SR 256. Be-
cause of the lack of competing facilities, an all-or-nothing
technique was used wíthout further redistribution of trips,
by facility, after assignment.

Step 6: Volume/capacity ratios were calculated to ana-
lyze conditions anticipated to occur with the proposed
year 2000 development plan.

SCENARIO DETAILS

The following sections describe in detail the steps under-
taken to analyze the SR 256 corridor for the year 2000.

Determination of Analysis Areas

The Franklin County study area includes 814 traffic
analysis zones and, for the year 2000 analysis, the cordon
was expanded to include an additional 39 traffic analysis
zones for a regionwide total of 853 zones. Because only
the SR 256 corridor was to be subjected to impact evalua-
tion, the zones outside the corridor were aggregated into
large analysis areas (districts). Zones within the SR 256
corridor were also aggregated, but not as extensively.

The study region was aggregated into a total of 18

analysis districts comprising the SR 256 corridor. The
analysis districts inside the corridor are shown in Figure
157. For each of the analysis districts, an existing (con-
tained) traffic analysis zone was selected to represent the
analysis district. The representative zone was selected as

a compromise geographic- and land-activity centroid of the
district.

Aggregation of Year 2000 Land-Activity Variables

Land-activity variables, necessary for the generation of
trip productions and attractions, required partial develop-
ment as well as aggregation by the 18 analysis districts.
Within Franklin County, detail land-activity data were
available for 1,974, but only countywide control totals
were available for the year 2000. Year 2000 data for
Franklin County were derived by:

r Aggregating 1974 traffic analysis zone data according
to the 18 analysis districts.

o Factoring each variable of each analysis district by
its countrywide growth rate.

The procedure assumed there would be proportionally
uniform growth throughout the county over the 26-year
period. Obviously, the distribution of development and
growth will not be uniform, but the error of the assumption
should not have a significant impact on the analysis be-
cause the analysis zones affected are outside the SR 256
corridor.

For Franklin County and areas outside the county within
the SR 256 corridor, year 2000 land activity was available
by traffic analysis zone and required only a retabulation of
the data by analysis district. The variables necessary to
apply the trip-generation procedures, for all 18 analysis
districts, are given in Table 62.

Application of Trip-Generation Procedures

The flrst step in applying trip-generation procedures was
to develop productions for each analysis district. The
areawide population for year 2000 is anticipated to exceed
750,000 persons; therefore, Table 2, in Chapter Two, "Trip
Generation Estimation," was selected fo¡ use. A summary
of the analysis district productions is given in Table 63.

Generation factors (col. 3) were determined using the
autos per household (col. 2) by interpolation using the
average autos per household given in Table 2. For ex-
ample, using traffic analysis district 0023, the autos/house-
hold (HH) figure is 1.13 which lies between 1.06 and
1.16 in 'Iable 2; average daily person trips/HH for these
figures is 6.5 and 7.2, respectively. Interpolation resulted
in a generation factor of 7.0 daily internal plus internal-
external person-trips per household for district 0023.

The second stage of determining analysis district produc-
tions was to stratify the total productions (col. 4) by trip
purpose (col. 5, 6, and,7). This was accomplished by
using the percent average daily person-trips by purpose
data from Table 2.

Because of the small variation in trips by purpose owing
to changes in auto ownership, the percentages used were
not interpolated. Instead, percentages corresponding to
the nearest average autos,/HH rate were used.

The second phase of trip generation was the calculation
of trip attractions by analysis district. Tables 64 through
66 are the attraction development work sheets for the three
trip purposes-HBw, HBNW, and NHB.

The trip productions previously developed were tran-
scribed to the attraction work sheets so that the areawide
attractions could be balanced with the productions-a re-
quirement to complete trip distribution.

The trip-attraction estimating relationships in Chapter
Two, Table 3, Part C, were used to develop the attractions
for each analysis district by trip purpose. The equations
were applied to the land-activity variables given in Table
62 to calculate each component's contribution (as speci-
fied by the equations) to the total attractions of the analysis
district. In the case of the HBW trip purpose, the only
attraction contribution was from total employment
(TOTE) where as HBNW and NHB trip attractions were
determined by retail employment, nonretail employment,
and dwelling units.

After the attraction contributions were summarized for
each trip purpose, the total attractions for each purpose
were compared to its appropriate total productions. A
factor was determined by dividing the attractions by the
productions and applying it to the attractions of each
analysis district to obtain a set of balanced attractions for
each trip purpose. It can be seen from Tables 64, 65, and
66 that the adjustments made to the raw attractions to
arrive at balanced attractions were minor.
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Traffic
Ahallrsis
District

Cars
(a)

Population
POP
(b)

Dwell.
Units

DU
(c)

Average
Income

INC
(d)

Total
Employ.

TOTE
(e)

Retail
Employ.
COMSH

(f)

Non-Retail
Employ.

TOTE-COMSH
(s=e-f)

0023
13 32
210 3
3402
3406
34 10
34L4
3502
350 5
4306
441 0
4502
4s03
4504
4507
511 I
73]-2
91I0

7 ,708
L77,459
L66,628

784
6,954
5,462
5,879
5,525
3,635

75,]-47
343

l, 718
2,253
1,280
3 1495

67,703
I00,364
123,539

11, 560
286,134
352,24r

1r069
9,759
I,258
8r450
9,980
6,750

r24 ,424
s00

3,200
4,196
2,394
6,532

133,858
748,736
213,893

6, 835
117,395
151.,509

474
4,162
3,313
3i567
3,61L
2,376

51 ,867
2L4

I,L23
r r472

837
2 r294

56,506
63,895
g7 ,992

L3,973
28 ,7 67
L9,28I
27,972
28,904
27 ,344
29,736
28,I52
28,950
24,904
2L,886
29,0I8
29,0r8
29, 018
29,7r9
22 ,577
29,552
23,330

L37,049
78 ,469

138,156
L2,859
Ir430
7,227
2,89]-
L,640

595
54,028

200
220
4q3
134
519

52,965
65,270
9L,153

23,031
27 r675
26,644

63
I 1167

569
r 1022

524
209

17 ,057
t4s
12I
I2T

63
163

l0,113
17,300
2r r704

l_14,0L8
50,794

l_11, 512
12 ,7 96

263
658

1, 869
1, 116

386
36,97r

55
99

282
7I

356
42 ,852
47,970
69 ,449

TOTATJS: 7 55,77 6 !,33L,923 5s9 ,432 26,]-95 639,2O8 I47,69]- 49r ,5r7

:l

:.
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TABLE 62

LAND-USE DATA FOR COMPRESSED ZONE STRUCTURE (YEAR 2OOO)

TABLE 63

PERSON-TRIP PRODUCTIONS BY TRIP PURPOSE (YEAR 2OOO)

a. See Tabie 62.
b.control totaI.

With the completion of the attraction work sheets, the
trip-generation phase was completed. The most time-con-
suming task for estimating productions was the consolida-
tion and factoring of the land-activity data in preparation
for applying trip-generation procedures. Data factoring
and compression required three person-days whereas appli-
cation of trip-generation procedures, including generation-
factor development, required only one person-day.

Trip Distribution

With the balanced productions and attractions in hand,
the next step was to develop trip tables for each of the

three generation purposes-HBW, HBNW, and NHB. As
explained later herein, it was necessary only to develop
trip tables for the first two purposes.

The initial step required was to develop a matrix of air-
line travel distances between districts and to estimate free-
way/arterial mix for the travel path between each district
pair. The facility mix is necessary for estimating the travel
time between analysis districts. This step of the trip-
distribution phase is necessary in order to use the appro-
priate "Airline Distance vs. Travel Time vs. Distribution
Factors" graphs (Figs. 25 through 30 in Chapter Three).

Traffic
Analysis
Distríct

(r)

Autos/
HH

(21 =a/c

Gen.
Factor

(table. 2)
(3)

Total
Productions

(Int + IntlExt)
(4)

HBW
(5)

HBi\W
(6)

NHB
(?',

0023
7332
2L03
3402
3406
34 10
3414
3502
350 5
430 6
44rO
4502
4s03
4504
4507
5118
73L2
9 I10

I. 13
I.5I
1. t0
1.65
1.65
1.65
r.65
1.53
1.53
I.4 5
1.60
1.53
1. 53
1. s3
1. s3
1. 20
r.57
1.40

7.0
9.0
6.8
9.5
9.5
9.5
9.5
9.1
9.1
8.7
9.4
9.r
9.r
9.1
9.1
7.4
9.3
8-5

4?,845
1¡056,555
I,030,261

4,503
39, 539
3L,474
33,887
32,860
2L,622

45L,243
2, O]-2

LO,2L9
13,395

7,617
20, 7 84

4L8, !44
594,224
747,932

'12, 9I8
264, t39
278,77I

L, 126
9,885
7,869
8,472
8,2L5
5,405

L!7 ,323
503

2, 555
3,349
1,904
5,196

l-I2,899
148,556
L94, 462

25,358
559,974
546,038

2,396
20 ì9 56
16, 681
L7,960
L7,4L6
11,460

239 , ]-59
1,066
5,416
7,099
4, O37

1I,016
22L,6L6
314,939
396,404

9, 569
232,442
206,052

99r
8, 698
6,924
7 ,455
7 ,229
4,7 57

94,76I
443

2,248
2,947
I,676
4,572

83, 629
L30,729
L57,066

ÍOTATS N.À. 4, 564,116b L,L82.947 2,4L8r9gI 962, L88
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TABLE 64

HBW PERSON-TRIP PRODUCTIONS AND AT'TRACTIONS (YEAR 2OOO)

TABLE 65

HBNW PERSON-TRIP PRODUCTIONS AND ATTRACTIONS (YEAR 2OOO)

Traffic
Analysis
District

Productions Attr. Contrb.
Tot. Empl.

TotaI
Àttractions

Balanced
Attractions

0023
L332
2Ì0 3
3402
3406
34 10
34I4
3502
3505
4306
4 410
4502
4503
4504
4507
5lr8
73L2
9IIO

12,9!8
264,L39
278 ,L7L

L rL26
9,885
7 t869
8.472
I t2l5
5,405

L!7 ,323
503

2 1555
3,349
1r904
5 r196

r]-z,A99
148,556
L94,462

253,7r9
!45,270
255 ,7 68

23 ,806
2 ,647
2,272
5 1352
3,036
L rro2

LOl ,022
370
407
746
248
951

9û,054
L20 ,834
]-68 ,7 52

253,7]-9
r45,270
255,768

23 ,806
2 ,647
2,272
5 1352
3,036
1r102

LOO ,O22
370
407
746
248
961

t õ .uJc
L20,834
L68,752

253,629
L45 ,2r9
255 ,676

23 ,798
2 ,646
2,27r
5 r350
3,035
r,102

99 ,987
370
407
746
248
96r

!20,79L
168,692

TOTAT,S: L,r82 ,947 1r 183,366 r, r83 r 366 r,L82 ,947

Traffic
Analysis
D*strict Productions

Attr. contributions
Total

Attract
Balanced
Attract.

Retail
EmP.

Non-RtI.
EmP.

Dwelling
Units

0023
1332
2r0 3
3402
3406
3410
3414
3502
3505
4306
4 410
4502
4503
4504
4507
511 I
73L2
9IIO

25,385
559 ,97 4
546 ¿038

2,386
20,956
16,681
17 ,960
17 ,4L6
lrr460

239,L59
1r066
5,416
7 ,O99
4 rO37

11 , 016
22L,616
3!4,939
396,4O4

244,L29
293,355
282.426

668
12,37O

6,031
10,833

5, 554
2 r2L5

r80,804
L,537
L,283
r,283

668
L,728

107,19 I
r83,380
23O,062

60 ,4 30
26,92I
59 ,10r
6,782

139
349
991
59r
205

19,595
29
52

149
38

189
22,1L2
25,424
36,808

7 ,245
L24,439
160,600

502
4,4!2
3,5L2
3,781
3,828
2,5L9

54,979
227

1,190
1,560

887
2,42L

59,896
61 ,729
93,272

311,804
444,7r5
502,r27

7 ,952
16.92r
9,892

r5,605
9.973
4,939

255.378
L,793
2 1525
2,992
r,593
4r338

189,806
2?6,533
360,!42

3rr, 79 I
444,7O6
502r116

7 ,952
L6,92L
9,892

15, 60 5
9,973
4,939

255,37 3
r,793
2 1525
2,992
1,593
4,338

189,802
276,528
360,135

TOTALS: 2,4L8,98r L,565.524 260,505 592,999 2,4L9 ,O28 2,418,981

Figure 158, "District-to-District Airline Distance/Travel
Time," is a sample of the work sheets used for tabulating
the travel time between analysis districts. It represents the

characteristics between analysis district 1 and all other
districts. It is assumed that the travel characteristics from
i to j are equal to the characteristics from I to f.

The first column lists, in parentheses, the zone that repre-

sents each analysis district. The next three columns are

tabulations of airline mileage between representative zones

(analysis district centroids). The distribution factor graphs

(Figs. 25 through 30) require segregation of travel by

subregion (i.e., CBD, central city, suburb) because of the

varying speed characteristics within each subregion. Two
numbers are shown in each cell of each of the mileage

columns. The first is the airline distance in whole miles;

the second (circled number) is the percentage of travel, for
the highwa)¡ trip between analysis districts, estimated to

o""u. ã.t arterialì. The total mileage column was used only

to ensure that the measured calculations \flere correct'

The second set of columns in Figure 158 represent the

time required to travel each component of the recorded

distance. These quantities were determined by using Figures

25 through 30. For example, the traffic analysis district

l-to-district 1 time was determined using Figure 25' Aflær

each subregion's (CBD, central city, suburb) travel time

contribution was determined, the components were summed

to determine total travel time; and the distribution factor

was then read from the graPhs.
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TABLE 66
rl

'.j

; i NHB PERSON-TRrP PRODUCTTONS AND ATTRACTTONS (YEAR 2000)
il

Traffic
Analysis
District Productions

Attr. Contributions
Total

Attract.
Balance¿l
Attract.

Retai-l-
Emp.

Non-RtL.
EmP.

D!'reIIing
Units

0023
]-332
2L03
3402
3406
34 10
341_4
3s02
350 5
4306
44 10
4502
4503
4504
4507
511_ I
73L2
9110

9 ,569
232,442
206,O52

991
8,698
6,924
7,455
7 ,229
4 r757

94,76]-
443

2 ,249
2,947
L,676
4,572

83,629
r30,729
157,066

24 ,459
29,523
28 ,424

67
r,245

607
1r 090

559
723

18,196
rs5
r29
t29

67
r74

10,788
18,455
23,r54

L52,O42
67 ,733

148,700
r7 ,063

351
877

2,492
1,489

515
49,300

73
r32
376

95
475

57 ,!43
63,967
92,6L0

1r823
31, 309
40 ,407

126
1,110

884
951
963
634

13,833
57

300
393
223
609

l_5,.070
r7 ,04r
23 ,467

!78,434
128.565
2r7 ,537

17 ,256
2,706
2,368
4r533
3r010
!r372

8]-,329
285
561
898
385

!,258
83,001
99 ,463

]-39,23I

178,435
128,565
2I7,532

17 ,256
2,706
2 r369
4 ,533
3,0L0
I,372

8I,329
285
561
898
38s

I,259
83,001
99,463

I39,23L
TOTALS ¡ 962,I58 I57 ,554 655,432 ]-49,200 962,!86 962,188

wl
:

TO:

TRÃFFIC
A¡IÀLYSIS
DÏSTRICT

AIRLINE DTSTANCE (MILES) TOTAL
\IRLIi.IE
)ISTAI,IC]

'MILES

TRAVEL TTME (MTNUTES) TOTAL
TRAVEL

L'IiviE

(MINUTES)CBD
CENTRAL
CITY SUBURB CBD

CENTRÀL
CITY SUBURB

lL00z?\ I (too I 11 t7

zl'tgEzt ,1 q 0( 3 (o( 8 I t+ 1+9 3t
3{24ö3\ 1 z (gc

3 f 6 +t0 2q

n(uoz¡ I 4 o c (za) t0 f, 1 8+g 29

ç(34æ) t 4 o 1 (3o I s 7 å+9 7.1

6L3+qot 4 0 6 (u) {r 5 1 1r+9 ?¿
1(?414) I 4 0 s (4o) t0 s ? 9r9 30

ø(3çtz') I 4 o I (a) t3 s 1 ,11t9 3ø

9(.gsas) t + 0 E 30) B s 1 10+9 31
,to&roø\ I 6 0 t (5D) 8 5 12 l+9 z7

t|Ø+to) t s 0 ø (n) l2 s {o l'l+9 3t
tz!+s}z) I I 0 10 (øo) tô f, l0 æ+9 46
t3(4103) t s 0 I l0 l+ f, t0 19{g 43

{4C4s0+) I 6 0 1 60 t+ r5 lz l++9 40
ls(4f,t\ I + o 43 GO 18 s 1 tt+9 q0

lbß$8\ I ? {o 3 I b+to 2l
t7n3lz> t 4 I 3 (Eo) g s lz b+9 32

t8($la) ,l z 8t .3 s b+lo 2l

Figure 158. Distríct-to-district airline dístance/travel time (from: o:rigin analysís dístrict l).
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TABLE 67

ANALYSIS OF TRIP-GENERATION INTERRELATION-
SHIPS BY TRIP PURPOSE

Distribution factors, for each trip purpose, were re-

corded directly on the trip matrix form (not shown) along

with each district's productions and attractions. Note that

trip matrices were only developed for HBW and HBNW
trip purposes. Trip productions and trip attractions were

tabulated by analysis district and a sample (5 row) NHB
trip'distribution matrix was completed to investigate the

relationship between NHB trips and the other two trip
purposes. The production and attraction tabulations showed

a consistent relationship between HBW and NHB trips.

HBW trips were related to HBW plus NHB trips by a

ratio of I to 1.82-see Table 67. The same relationship

held true for the sample NHB trip distribution.
In the interest of saving analysis time it was decided

¿ot to develop a NHB trip but instead, to factor the HBW
trip table by 1.82 so that it could represent both trip pur-

.rl¡ia ¡r¡ac .tnna ofrer the TfRrñ/ trin table had been
PUù!ù.
õompleted and while the total vehicle trip table was being

created.
The total vehicle trips were calculated by factoring the

HBW trips, adding the HBNW trips and dividing the sum

by an auto-occupancy rate. The formula for determining

the quantity of vehicles for each interchange was:

Total vehicles (internal * internal/external)

t oF rolÀ¡
BÙÀNCED ÀTTRÀCTIONS

AnaIysls
District HBW HBNW NHB HBf,Ù HBNf{ NHB

0023

2t0 3
3402
3 406
3410
3414
350 2
3s0 5
4 306
4410
4502
4 503
4 504
4507
5tr8
7 310
91 10

2't.o
25.0
27.O
25.0
25.0
25.0
25.0
25.0
25 .O
26.0
25 .0
25.0
2s.0
25.0
25 ,0
27 .O

26.0

53.0
53.0
53.0
53. 0
53,0
53.0
s3.0
53.0
53.0
53.0
s3.0
53.0
53.0
53.0
53.0

53.0
s3.0

20.0
22.0
20.0
22,0
22.0
22.0
22,0
22.0
22.0
21. 0
22. O

22.0
22.O
22.0
22.0
20 .0
22.0
2r -o

34.l-
20 .2
26.2
48.6
tr .9
ls,6
2r.0
18. 9
t4 .9
22.9
15.I
11. 7
16.1
tt. I
14.?
26.4
21,3
25.3

4I. 9
6r.9
51.5
!6.2
76 .0
6S. 1
6t.2
62.3
66,6
s8. 5
73.2
'12.3
64.s
7I.6
66.2
5L.2
s5 .1

24.O
L7.9

35.2
12. l-
t6, 3
t7.8
r8. 8
rs. 5
18,6
lt. 6
16. 1
19. 4
r7. 3
19.2
22.4
20 ,u
20.8

ÀVER,ÀGE
VAJ,UE 25.9 53.0 2t. t 25.9 53.0 2t.1

where

Total person-trips : HBW trips + HBNW trips *
0.82 (HBW triPs).

The third quantity 0.82 (HBW trips) is the quantity of
trips determined to rePresent the NHB trips within the

system.
Trip-distribution results show that 3,022,611 average

daily internal plus internal-external vehicle trips are ex-

pected to occur within the expanded Columbus region'

Èefore proceeding with further analysis, the vehicle trip
table was subjected to several reasonableness checks, such

as trip rates per household, trip rates per capita, and the

like. It is recommended that potential users of these

manual techniques review the consistency between land-

use and transportation variables as well as the reasonable-

ness of the application of these procedures. The trip table

was found to be consistent with the procedures that had

been applied.

Traff¡c Assignment

The method used for traffic assignment was the all-or-

nothing technique described in Chapter Seven' The volumes

assignJd by the procedure were not subjected to the assign-

menl-volume redistribution procedures because of the lack

of facility competition within the SR corridor.

Using the analysis district map, a cordon (study area

limit) was constructed and the roadway network within

the study area defined; the network is shown in Figure 159'

Twenty-flve highway links and five entry stations were

defineå as being of interest to traffic assignment and cor-

ridor analysis. The only route that could be considered

to paralleisR 256 is Brice Road (links 9, 10, 11) which

Note that the ratio t HBw/t(HBw + NHB) = 25.9/(25.!
= L/].82, or tNHB = 0.82(t HBw).

was included for its potential for decreasing the demand

on SR 256. Facilities transverse to SR 256 were not to
be analyzed in great depth. Only those links that intersect

SR 256 were considered in the assignment.

Printouts of existing (1974) travel paths were used for
determining the logical path of travel and, subsequently,

accumulating trips by link. The assignment of vehicle

trips is shown via a sample of the assignment work sheets

as shown in Figure 160. Note that all interchanges are not

included on the work sheets. Travel between many of the

analysis district pairs do not impact the study area' For

example, trips between downtown Coltrmbus and a north-

ern analysis district would not impact the SR 256 corridor'
Summing the columns (links) of the assignment work

sheets yields the total volume estimated to occur on each

link of interest. The volumes determined from the work

sheets have been posted on the appropriate links of Figure

L6l.
Normally the volumes determined from the all-or-

nothing assignment would be subjected to the assignment-

volume redistribution procedures described in Chapter

Seven; however, because of the lack of facility competition

with SR 256 and because the primary interest was in SR

256, the assignment volumes were posted as summarized'

A review of tn" link volumes indicates severe tramc

impacts on the major routes (Wright Road, Refugee Road,

etc.¡ feeding into SR 256. ln fact, much of the traffic

generated by the development in the east is tikely to travel

iestward, away from SR 256, and to use Brice Road

to get to either US 33 or I-70 and, ultimately, towards the

downtown.
In this case it appears that the location details of the

new development are a critical key in the selection of a

travel path. The access point to the arterial system will

signiflcãntly influence the path of travel' For the all-or-

,rãtning assignment it has been assumed there would be

access to ali arterial routes' Consequently, the volumes

accumulated on links g, lO, 11,21,22, and 23 (Brice and

_ Total person-trips
1.51

( 51)
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as collectors. F¡om the Chapter Six time-of-day char_
acteristics, an 8.5 percent average daily traffc (ADT) peak
factor for suburban cross-town arterials and a 9.5 percent
ADT factor for suburban collectors were obtained. Be_
cause of the current lack of land-use planning detail, the
directional split was not considered. The factors were ãp:
plied to arrive at the peak-hour volumes given in Table 6g.

Capacities for each link were determined using the table
of generalized capacities (Table 51, Chapter Eight) as-
suming a 0.50 G/C ratio. For example, SR 256 has a
9-ft approach width in each direction. Because the tables
do not allow for an approach width of 9 ft, the base-
capacity value for an approach width of 20 ft was factored
(interpolated between 0 and 20 ft) to represent a 9-ft ap-
proach width. The calculation resulted in a two-directional

3gs

Network,

Figure 159. SR 256 (Ohio) corridor analysis network.

Wright Roads) are excessively high. The travel desire
would be to use Brice Road, not SR 256, to get to the free_
way system. Thus, permitted access is a critical issue.

Gapacity Analysis

It was originally intended that the capacity analysis
focus on SR 256, but the magnitude of the assignment
volumes on the links comprising Brice Road and Wright
Road mandate their discussion.

Table 68 gives the links considered in the capacity
analysis and the peak-hour volumes calculated using the
time-of-day procedures described in Chapter Six. SR 256
and Brice Road were classified as suburban, cross_town
routes and Refugee Road and Wright Road were classified
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capacity of 1,060 vqhicles per hour (VpH), derived as
follows:

Approach width capacity: l,7OO **+

Figure 162 shows a ..facilities stress diagram" for SR
256. The vertical axis represents the calculated volume/
capacity ratios (Table 68) and the horizontal axis repre_
sents the length of SR 256 from the northern study bound_
ary to the southern boundary. A horizontal datum has
been drawn at a level of service equal to *C- (V/C:0.g)
to determine which segments are over capacity at that level
of service. A second datum (dashed horizontal line) is
shown, also, to evaluate those portions of SR 256 that
might be considered over capacity at level-of-service ,.D"
(V/C : 0.9). In this instance, the exercise is academic
inasmuch as the entire length of SR 256 would be ex_

Net capacity

franKLin
nty

(zs'tt1'

@oi
k-'¡ce

43'l)

LEGEND:

- 

Study Area Boundary

:765
:765 X (urbanized area pop.

a4i. _factor) X (area type
qdj. factor) X (G/C ratio)

:765X1.11X1.25X0.5
:531VPH

Doubling the net capacity yields a two-directional hourþ
capacity for SR 256 of 1,060 VpH. The other quantities
were determined in a similar manner.
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The capacity necessary to handle the peak-hour volume
can be determined by multiplying the existing capacity by

the new V/C ratio.

Capacityq : (1,060) (2.325)
:2,465 YPH, (s3)

The 2,465 VPH represents net capacity and requires ad-
justment for urbanized area population and location and

G/C ratio (G/C:0.5) to obtain possible capacity in
order to determine the two-dimensional approach width'

Figure 162. Facilities stress díagramfor 5R256 (Ohio) corridor'

periencing excess travel for its current cross-sectional con-

figuration. It would be better to estimate an approach

width that could accommodate the estimated future traffic
volumes.

A required aproach width can be calculated by reversing

the volume/capacity determination procedure' For ex-

ample, link 4 has a V/C ratio of 1.86 (Table 68) at

levãl-of-service "8." Therefore, the V/C ratio for level-of-

service "C" can be calculated:

v/C (at LoS-"C"):0'8; and V/C (at LOS:
"E") : 1'86

Therefore, for link 4:

1.86
V/C1os=c: l.g

ANALYSIS LINK

: L,776YPH

The approach width will be estimated for one direction

an¿ ¿oubled. The base capacity is determined from

Table 51.

(s4)

Interpolating the base capacity for two-way, no-parking

facilitiei between 20 and 25 ft yields an approach width

of 21 ft or 42 ft of cross-section approach width'
Therefore, SR 256 in the area between I-70 and Refugee

Road needs to be reconstructed as a 4-lane facility with

appropriate turning lanes at major intersections' Similar

"ãic,rtätions 
can be made for other sections of SR 256'

The user might observe that the highest V/C ratio along

SR 256 is on link 3 (V/C:3.19). A calculation similar

to the preceding one indicates that a 6-lane (approach

width, i6 ft) facitity is needed for the area between I-70

and US 40. Constructing 6 lanes of facility between two

major highway intersections would not necessitate 6 lanes

of iacility for the full length of SR 256 through Pickering-

ton. Otler calculations show that a 4lane facility is
needed along SR 256 south of I-70'

It was felt that because of the capacity and volume re-

lationships estimated to exist along V/right Road, conclu-

sions could not be drawn without further analysis' Obvi-

ously, the impacts caused by development within the

o
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TABLE 68

SUMMARY OF YEAR 2OOO OPERATING CONDITIONS FOR SR 256 CORRIDOR

!,i
'::

,:.:

I'

Wright Road vicinity are serious and will require not only
more roadway facilities but also a careful investigation of
the development anticipated. Also, the development should
be analyzed carefully with regard to highway access in an
effort to divert some of the new central-city bound traffic
to US 33. Any diversion of traffic to SR 256 as a path to
US 40 or I-70 will require further expansion of SR 256.
There does appear to be available capacity along Brice
Road that could be used to get to the major width routes.

SUMMARY

In addition to the general capacity requirements deter_
mined and the conclusions noted previously, the scenario
has pointed out several issues that could be further investi_
gated using procedures in this user's guide:

o The current highway facilities within the SR 256 cor_
ridor cannot accommodate the travel desired as dictated
by the development plan.

¡ The facilities plan should not depend solely on SR 256
to satisfy the travel desires of the area. Travel should be
encouraged to distribute between the major arterials pro_
vided.

o The land-activity plan, particularly in the area west of
SR 256 between Refugee Road and US 33, should be
evaluated in more detail with regard to level of develop-
ment and access to area arterials.

Application of the procedures from the user's guide
in the Columbus scenario required 66 person-hours of
computation and analysis (exclusive of documentation).
A summary of person-hours, by major task is given in
Table 69.

Most of the first block of time (Tasks A, B, and C) in-
volved summarization and expansion of land-activity data
to the year 2000. It would be possible, depending on avail-
able data, for this time to be slightly reduced. Unfor-
tunately, when situations occur where decisions must be
made on such matters as the distribution of land activity,

clerical assistance cannot supplant the analyst. In those
cases where data exists in a satisfactory organization, data
manipulation time can be minimized.

It was found that trip-distribution time requirements de_
creased as experience was gained with the data work sheets
and the various graphs as is evidenced by the 3-hr time re_
duction between developing the HBW trip table and the
HBNW trip table. It also was noted that the entire trip_
distribution procedure can be applied by clerical staff with
a minimum of professional supervision.

The trip-assignment procedure application was accom-
plished by professional staff primarily because of the path
selection that had to be made while the ,.stringing" of trips
was accomplished. It is also felt that the familiarity gained
by manipulating the data is beneficial for subsequent
analyses.

TABLE 69

PERSON-HOURS REQUIRED FOR SR 256 CORRTDOR
ANALYSIS

TASK PERSON-HOURS

Develop analysis districts
Summarize land activity data
Develop productions and attractions
Develop travel time matrix
Develop HBW purpose trip table
Develop HBNW purpose trip table
Develop total trip table
Assign trips to network
Capacity analysis

Total

In general, the manual procedures were found to be
easily applied. Considering the characteristics of this par_
ticular scenario with its major focus being outside the eiist-
ing study area, it is also felt the total elapsed time to com-
plete the manual application would be less than that re-
quired to process the information by computer within an
existing transporation planning procedural framework.
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2.97
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1. 86
t.29
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0.63
0.43
0.37
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CHAPTER TWELVE

SCENARIO FOR I.AND.USE/HIGHWAY
FAIRFAX, VIRGINIA

INTRODUCTION

The area selected to test an application of the develop-

ment density/highway spacing relationships developed is

Fairfax County, Virginia, a growing suburban county in
the Washington, D.C. metropolitan area. Present popula-

tion exceeds 500,000 persons and is expected to increase
L.., ^+ la-c+ (fi na¡¡anf f^ ñ^rê thqn 75O OOO nercnns inuJ ar ¡voùr Jv rvrvv¡¡r
the next 20 years. There is extensive commuting from
Fairfax County to other counties in the Washington metro-
politan area and into the downtown area of the District of
Columbia.

Fairfax County had been divided into 11 analysis areas

by local planners for planning purposes. These areas vary

considerably in density and type of development' In the

portion of the county nearest the center of the region,

mixed residential and commercial areas can be found'

Along the Shirley Highway corridor, residential develop-

ment is concentrated in high-rise apartment units. High-
income, single-family residential areas can be found in the

northern portion, along with new omce-type research

parks. Farther out, past the Capitol Beltway, the new town

of Reston, as well as rural (agricultural) areas exist' There

are several major regional shopping centers in the county

as well; thus, in one county, a wide variety of land-use

patterns exists.
Presently, the county is served by a major radial freeway,

the Shirley Highway, a parkway, and the circumferential
Capitol Beltway as well as arterial highways (state routes) '

Although transit service is today limited to bus, express

service on exclusive lanes exists on the Shirley Highway,

and special service exists from Reston to the center of
Washington, D.C.

Rail rapid transit is planned in two corridors and is under

construction along the right-of-way of a new radial free-

way, I-66. Use of this latter freeway is to be limited to
car pool and bus service only in peak-travel periods' The

beltway is currently being widened from 4 to 8 lanes' From

this background information, it can be seen that a wide

variety of transportation services exists and is planned,

including major high-type facilities.

*Jl" 
.."n"tio selected for application in Fairfax County

1. To determine the base-year level of service being pro-

vided by the highway system in Fairfax County'

2. To determine the level of service that would be pro-

vided by a planned transportation system for the county

in a future year.

In both cases, the only inputs required were a measure of

land activity and of the transportation system' The
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SPACING ANALYSIS:

methodology described in Chapter Nine was then used to
determine present and future travel in the county, allocate

this travel by subarea to freeway and arterial facilities'
and to compute the resulting level of service.

If desired, the information obtained could also be used to

indicate where present and future deficiencies exist, where

impro:'ements are indicated, and the magnitude of im-
provements requireci to reach a <iesireci ievei oÍ service.

Summary of Steps Undertaken for Scenario

The steps undertaken in applying the density/spacing
methodology were:

1. Dividing the county into analysis areas (i.e., districts)
averaging l6 sq mi in area.

2. Obtaining existing and future land-use activity data

on households and jobs by those areas'

3. Obtaining maps of existing and future transportation

systems for the county. This included planned transit

improvements for the future Year.

7. Computing travel time by future transit facilities

from analysis areas to areas of employment, and using

an existing method to estimate changes in transit use.

8. Going through the computation steps as previously

outlined in Figure 128, Chapter Nine.

SCENARIO DETAILS

The following sections describe in detail the steps under-

taken to evaluate the base-year levels of service'

Step l: Computatíon of vehicle trip ends. Both Method I
and Method II, as described in Chapter Nine, were used in

the application to Fairfax County for existing-year data;

however only method I was used in computing the future

year. As described previously, Method I uses the number

of households and total employment by subarea to compute

daily vehicular trip ends by multiplying these totals by

an appropriate one-way trip generation rate.

nãiet ty type of land use were obtained from Table 1'

Chapter Two, and are as follows:

RESIDENTIAL

TOTALVEH. ORIGINATING

TRIP ENDS VEH. TRIP ENDS

oerrv/pu o¡pY/ou

Single-family
Townhouses
Apartments

10

7
6

5

3.5
J
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NONRESIDENTIAL

TOTAL VEH.
TRIP ENDS

oelry/.roe

ORIGINATING

VEH. TRIP ENDS

DArLY/JoB

For Method I, an over-all ¡ate for residential dwelling
units was created by weighting by the number of units in
each group. For 1968, the total one-way vehicle trips are
as follows:

84,000 Single-family X 5.0: 4ZO,OO0
4,400 Townhouses X 3.5 : 15,400

30,500 Apartments X 3.0 : 91,500
Total sñgñ

Dividing this by a total of 118,900 units gave an over_all
residential trip rate of 4.4 originating daily vehicle trips
per dwelling unit. A similar procedure was used to obtain
an average rate for all jobs. This resulted in a ¡ate of 4.0
trips per job.'r These rates were then multiplied by the
number of dwelling units and jobs in each subarea. If em_
ployment data are unavailable, rates per unit of floor area,
or per acre can be used.

For Method II, the individual rates were used for each
subarea to obtain total daily originating vehicle trips. Only
Method I was used to compute 1985 originating vehiclL
trips given future households and jobs. The base_year
rates were used for 1985. If substantially different dis_
tributions of activities exist in the future, neril rates should
be computed.

Step 2: Computation of trawit use and auto_occupancy
adjustments. Although the vehicular trip rates used assume
a nominal use of transit, transit plans for rapid rail and
commuter rail service necessitated revisions to the initial
vehicle-miles of travel estimate for 19g5. To estimate the
effect of these planned services, a simplified trip-end modal
split curve was used to modify the 19g5 vehicular trip
estimates before computing future VMT. This relation_
ship had been derived from a prior transit improvement
study in the county. The ¡elationship is shown in Figure
163. The curve relates the percentage of regional employ-
ment reached within 45 min by bus for a given area. By
making similar estimates for each subarea in 19g5, a per-
centage f,gure was derived from each subarea. Figure 164
shows the transit system assumed. Bus access time was
estimated to each station by measuring the airline distance
from the subarea centroid to the station and assuming a
15 mph speed. Station-to-station times were added as were
an initial walk and wait time of 8 min, a transfer and wait

* If military employment was excluded, this rate increased to
4.8. The district containing the majority of military employment
still required special adjustment, and, despite this additional
correction, did not agree with observed data. Special types of
generators require more speciûc local information.

time of 2 min, and a walk at the subarea of destination
of 1 min, fn subareas with direct access to a station, an
access time of 8 min was used. Regional, not just local,
jobs should be accessed.

The modal split percentage derived and the modal split
percentage assumed in the vehicular trip-generation rates f
were used with an auto occupany of L.4 to calculate a
percent change in auto driver trips. (See Chapter Nine,
Fig. 131 and Step 2: Computation of tansít use and auto_
occupancy adjustments.) This percent change is used to
reduce the trips calculated in Step 1 in this chapter.

Any trip-end modal split method could be used to derive
an estimate of future modal split. Or, as previously noted,
Figure 131 can be used if a policy figure or goal is to be
achieved.

The curve used in the Fairfax County scenario can
provide an approximation of modal split in other areas if
the number of minutes used to determine percentage em-
ployment accessibility via transit (45 min in the example)
is calibrated to the urbanized area population. In genéral,

8 REGIONÃJ, EMPLOYMENT REACHED VTIÎHTN 45 MINUTES
1968 AM PEAK BUS SYSTEM

Figure 
^163. 

Mo_dal splít relationship lor the Washington, D.C.,
ør.ea. _S o ur_ce : M etr opolítan ll ashington Tr ans por tatíon p lan_
ning Board (1968).

t This would, of course, vary by urbanized are4 population
between 2_ and 13 percent. For the area used, it was 6 iercent,
based on local data. If local data are not available, thô valueó
in Table 1, Chapter Two, might be used for a gross approxi_
mation.

Office
Retail
Manufacturing
Other
Military

3.5
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the number of minutes should represent the time within
90 percent of all HBW trips in the area that can be com_
pleted by all modes, including auto. For most areas, this
figure will approximate the mean HBW trip length in
minutes plus 50 percent.

If an average door-to-door airline HBW trip speed of
15 mph is assumed along with the fact that HBW tiips are
50 percent longer than the average trip, Figure 133 can be
used to estimate the average HBW trip length in minutes
for different urbanized area populations.

The average work trip Iength in minutes for areas of
500,000 population would be 24 min; for areas of
2,000,000, 27 minl' and for areas of 5,000,000, 33 min.
Corresponding values to be used with Figure 163 would
then be 50 percent higher, or approximately 35, 40 and
50 min. Higher speeds could be assumed for smaller
urbanized areas yielding lower travel time values, and
lower speeds assumed in larger areas yielding higher travel
time values. If data are available, the curve c.ruld be
checked and/or calibrated.

Figure 165 shows the 1985 modal split obtained from
the curve versus that obtained from a trip-interchange
model used by the transportation planning agency. For the
most part, the results parallel the resuiís of the more com_
plex, computerized procedure. It is, however, consistently
below the regional forecast because auto access to transit
stations was not considered in the short-cut method used,
whereas auto access was allowed in the computerized
regional forecasts. Had auto access been considered, the
percent modal split would have increased. It was not al_
lowed, however, because vehicles traveling to stations
should be accounted for as part of the vehicular travel de_
mands to be estimated in this case.

Step 3: Computation ol vehícle_miles ol travel; and
Step 3A: Computation of external vehicle_miles of travel.

-Using 
Figure 133, it was determined that the average air_

Iine trip length was 5 mi in 196g and would be 5.2 mi in
1985 when the population of the metropolitan region would
have increased from 3 to 4 million. ,{ 5_perceni improve_
ment in speed was also assumed, resulting in an additional
7.5 percent in work-trip length (see Fig. 134). Because
HBNW travel would remain roughly constant, an over_all
1985 trip length of 5.5 mi was selected. (See Chapter
Nine for the method of weighting HBW and HBNW trip
lengths to calculate an over-all trip length.)

Inasmuch as these figures are airline distances, it is
necessary to multiply them by an over_the_road conversion
factor. A value of 1.3 was used for the Fairfax County
area. This resulted in a figure of 6.5 mi per trip in 196ã
and7.2 in 1985. Originating vehicle trips in each subarea
were then multiplied by the trip lengths to obtain daily
vehicle-miles by subarea.

A significant amount of commuting into the Fairfax
County area occurs from areas to the west. It was found
that this was not adÞquately accounted for by internal
trip ends alone. External station n' volumes were used to
obtain adjustments for peripheral districts, as described in
Chapter Nine, and to calculate an external VMT to be
added to the subarea containing the station.

Because traffic count data were available,T a comparison
could be made between Methods I and II and .actual sub_
area VMT. If the county is divided into rings (as shown
in Fig. 164), the ratio of the estimated to actual VMT is
given in Table 70. A comparison graph of differences be_
tween Method I and actual VMT by district is shown in
Figure 166. As shown, Method I appears to give better
results than Method II, the more detailed method.* Both
methods are consistent in that no þias seems to be intro_
duced by distance from the center. ,t similar methodology
was followed for 1985. Actual daily VMT for 196g
totaled 6,497,000.

Step 4: Computation ol vehícle-miles ol travel on free_
ways and arterials. Following the adjustment for improved
transit service in 1985, future vehicle-milèx of travel in
that year was computed to be 16,394,750. It rlas estimated
that without improved transit, the estimate woùld have
been 1,165,900 VMT's higher.

The next step is to estimate the amount of travel that
will be accommodated on freeway facilities. Using the
freeway spacing formula discu,s5ed previously, the average
volume per mile of route and freeway VMT by area \ryere
computed for the present and future. Only small aãditions
to the existing freeway system were included in the future
plan, but widenings of existing freeways are planned to
accommodate.increased traffic volumes. The future trans-

_ --* 
Freeway facilities were excluded as described in Chapter

Nine.
I A factor was added to include VMT on local streets.
t If military employment is excluded from Method I in com_

puting the average trip rate used, Method I results would also
be approximately 10 percent higher and similar to Method tr.It is believed that tåe average trip rates used are somewhat
higher than Washington, D.C., area trip rates. Where local trip
rates are available, they should be used whenever possible.
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portation plan for Fairfax County is shown in Figure 167.

Þresent fieeway lengths were measured by groups of
districts; that is, subareas (see Figs' 138 and i39) and

spacing, Z, calculated as follows:

=+ (ss)

Arterial spacing was also computed and input along witb
vehicle trip origin density (the same as previously com-

puted, plus nonresidential origins) and the average over-

the-road vehicle triP length.

Again, because tramc count data for the base year were

available, a comparison could be made between calculated

and estimated results. The comparison is given in Table 71'

(AIso given are the future year freeway VMT estimates')

These freeway VMT's were then expressed as a ratio (or

percentage) of the total VMT previously computed. The

iesidual arterial and local VMT in each district was then

calculated by reducing the total VMT by that percentage'

In addition, a further reduction of 8.4 percent was made

in each district for local street VMT' The arterial VMT
estimate by district was obtained by relating the residual

arterial VMT by district computed for 1985 to that com-

puted for 1968 and dividing to obtain a VMT growth

iactor by subarea. This VMT growth factor was then ap-

plied to actual 1968 arterial VMT data by district to obtain

1985 arterial VMT' In the absence of actual base-year

district arterial VMT data, the estimated data could'be

used directly. If such base-year information is available'

+

^v

as it was in this case, the growth factor estimation may

be preferable inasmuch as it tends to correct for errors in
estimation. Actual and estimated arterial VMT is shown

in Figure 168 for the base Year.
Step 5: Computation ol average arterial volumes per

Iane and level oÍ service' Given the base and future year

arterial VMT by district, the last step was to divide by

the number of equivalent lane-miles of arterials in each

district for the existing system and future plan. As noted

previously, each multilane arterial lane was converted to

ãquivalent lanes so as to equate single-lane and multilane

capacity. The average volume per equivalent lane was then

compuied and is given in Table 72' To comPute the level

of seìvice provided, the average volume per equivalent lane

was then used to determine the percentage of VMT in each

district currently operating above level-of-service "C'"
Figure 141 shows this relationship (along with VMT over

levels-of-service "D" and "E" as well) ' The arterial level

of service by subarea is shown for the base and future

years in Figure 169.

If desired, the average freeway volume can also be used

to get an indication of freeway system performance' The

freeway volume can be related to level of service and

speed (see Table 53 in Chapter Nine).
Figure 129 relates the percentage of arterial VMT over

level-of-service "C" to the average peak hour and daily

speed in the subarea. A good indication of the total level

Jf service provided can be obtained from the following

relationship:
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a. See Figure 164.
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TABLE 70

RATIO OF ESTIMATED TO ACTUAL VMT (1968)

TABLE 7I

RATIO OF ESTIMATED TO ACTUAL VMT ON
FREEWAYS

a. See Figures I38 and 164-
b. Ratio = Estimted \¡'{T,/Àctual wT.

TABLE 72

BASEANDFUTUREYEARARTERIALvMTANDAVERAGEEQUIVALENT
LANE VOLUME

ANALYSTS
DISTRICTS

AND
}i¡i'¡csa

70
7L
72
73
74
75

RING 4

91
92
93
94
95
96
97

RING 5

l-12
. II3

114
1r5
116
117

RTNG 6

123
L24
t25
t26
L27
128

RING 7

TOTAI,

sasn veeP

8.,.750
299,72s
39r,655
293,620
r23,640
172,850

r,29O,24O

155,930
382,810
t6L,475
20r,630
2O9,23O
88,843
58,608

L ,258 ,526

89,897
56,92O

!47 ,200
135,896

54 ,693
80,556

565,l-62

25,828
T5,L26

r04,817
r02,263

95 ,008
108, r05
Atr,L47

3,565,O75

rutunn vEanc

20,388
536,508
466,069
252,5!3
2O7,7!5
27 4 ,832

L,758 ,025

205,836
1,048,899

27L,279
522,222
5r8,890
744,504
235,018

3,546 ,647

!57,320
75L,017
228,L60

95,L27
784,584
530,864

2,541,072

222,379
r07,697
6l-9 ,468
9L8,322
946,28O
486,473

3,300,619
1Ir152,363c

sesn vsanþ

3,500
4,976
5,975
5,O97
4 ,016
4,OLz
4,967

3,392
4,O42
6,06r
4,459
3,115
2,373
2,LLA
3 ,649

1,767
841

2 ,466
2,602
L,r24
2,O09
r,77 O

1,195
351

1,56r
L,165
r,648
2,093
1,371

FUTURE YEAR

I, I55
7,394
4,L75
3 ,589
3,746
4,992
4,783

!,626
3 ,5r5
2,899
8,27O
4,983

r0,325
6,OzL
4 ,450

2,264
1,526
r,428
L,484
6,8L2

f3, ?85

3,L64

10,289
L,4L4
3 ,468
4,L37
5,O47
3, 025

3,898

ÀV. VOLUI1TE PER EOUTV. LANE

a.
b.
c.

See Fiqure 139 for
Actual condition.
Based on factoring
estimate of future

districtsr see Figure 164 for rings.

existing VMT by district. A direct
arteriallT v¡as 9 ,679 ,4I8.

BÀSE YE.AR FUTURE YE,AR

sug¡n¡Aa ÀCTUÀI, ESTII4ÀTED n¡rrd ESTIMÀTED

45À

458

67A

678

1,164,430

730,050

227 ,59O

309,620

I tL84 ,720

783,180

L42.560

198,480

1.02

r .07

0.63

0 .64

2,408, r10

L,63'Ì,23O

338,010

r,071,350

TOTÀJ, 2,431,690 2,308,940 0.95 5,454 ,700
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Average Speed : Vo yMT on freeway ¡.(Freeway speed
at level of service . . . .)

+
7o YMT on arterial X (Arterial speed at

levelofservice....)
+

* t#inl:*1 
",,t"."1 

Speed at rever

Note: '1o apply this formula, ..speed" must be expressed
with distance in the denominator, as in min/mi.

Peak and off-peak conditions can be weighted if desired,
as well.

An examination of least-cost solutions indicates that the
volumes shown in Figure 130 should be obtained for new
and widened facilities. These volumes lie between levels_of_
service "C" and "D." New or widened arterials can be
provided to reduce equivalent lane volumes to the standard
desired.

SUMMARY

A method for estimating the level of service provided by
a transportation system has been developed and tested
using data from a suburban county. Although the scenario
tested dealt with determination of the level of service pro_
vided by an existing and planned future transportation sys-
tem, it would have been simple to estimate the additional
facilities needed to maintain or increase existing levels of
service. Adding lanes (facilities) would have reduced the

equivalent lane volumes and increased the level of service.
In addition, the land use assumed could have been revised
to reduce VMT and modify the equivalent lane volumes so
as also to increase the level of service found. Other strate_
gies outlined in the section on "Feedback" in Chapter Nine
could have been considered as well.

The method provides reasonable results although only
average data from urbanized areas were used. The use of
local data has the potential to improve accuracy. It is,
however, like most planning tools, most useful in a rela-
tive sense when comparing alternative plans or proposals.
Because the method can be applied entirely without the
use of computers and in a short period of time (the
scenario application took approximately 22 person-hours,
the bulk of which-l3 hr-involved adjustment for future
transit), many alternatives can be developed. (Choosing
a "policy level" modal split and using Figures 131 and
132 can greatly reduce the time and effort required.) One
potential use is in deciding where improvements should be
made or in choosing between two improvements if limited
funds are available.

The method is also limited by the data input developed
from current travel behavior. Should that behavior change
because of energy constraints, pricing restraints, or through
the imposition of public policies restricting use of the auto-
mobile, new input data will need to be provided. (Some
indicated changes in VMT due to policy changes are given
in Table 7 of the companion report entitled, "Travel Esti-
mation Procedures for Quick Response to Urban policy
Issues" NCHRP Report 186 (73).)
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Figure 169, Computed arterial level of servíce, by analysis district, lor Fairfax County, Va.
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This glossary provides definitions for many of the tech-

nical terms used in this user's guide. Generally, these terms

are consistent with the terminology used in common trans-

portation planning practice. In some instances, however,

the definitions might vary from ordinary usage. Such

variations have been deemed necessary in order to develop

explanations of terms specific to those employed in the

user's guide.
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Accsssrnlllry-The potential to reach certain oppor-
tunities within a given travel .time. This potential can
be quantified by the accessibility index.

Accesslnrlrry INpex-A measure of the ability to reach
a certain number of opportunities in a given travel
time. Mathematically, for an analysis area in ques-
tion, this index is given by the sum of the products
of all trip attractions in the study area and the fric-
tion factors corresponding to those attractions; i.e.,
àAjFùi. This term forms the denominator of the
gravity model formula.

Accnss Tuvrn-The total time from origin or destination
to the primary mode of travel. May include walking
time; waiting time, time in another type of vehicle,
or terminal time.

Atnr,rxe p¡5¡¡¡r¡çs-fhe sho¡test (straightJine) distance
in miles between two points (usually centroids) in a
study area. Airline distance is typically measured
from a map using a straightedge between the two
points in question.

Arr-on-Nor¡rrNc AssrcNvrsNr-The process of allocat-
ing the total number of trips between each pair of
analysis areas to the path or route with the minimum
travel time.

AN¡rysrs Anee, ANalysrs' UNrr-The basic geographical
entity or portion of a study area delineated for
transportation analysis. In the context of the user's
guide, the smallest arealunit is the zone, whereas the
largest could be a subregion.

ANNuer- Avsnecn WEerpey Tn¡rrrc-The average num-
ber of vehicles passing a specified point on an
average weekday; i.e., Monday through Friday.

AnrBnr¡l-A class of street serving a major movement
of traffic not served by a freeway.

Arrn¡tuerroN-The characteristic related to trips where
the number of trips to or from a generator decreases
with increasing distance from the generator.

Auro Dnrvsn TnIps-Trips made as a driver in an auto-
mobile. Auto driver trips are also called auto trips.

Auro P¡ssrNcen Tnlps-Trips made as a passenger in
an automobile.

Auro Pr,nsoN-TRrps-Trips made as a driver or'a pas-
senger in an automobile. Thus, auto person-trips
constitute the sum of auto driver and auto passenger
trips.

Avennce Dnrry Tnnnnrc (ADT)-The average number of
vehicles passing a specified point during a 24-hr
period. Some examples are as follows:
ANwuer Avnnece D¡rry Tnnnnlc (ADDT)-De-
notes daily traffic averaged over one calendar year.
Ar.¡¡.¡u¡r AvERAcn Wenrpev (AAWDT)-Denotes
that the specified period includes only weekdays,
Monday through Friday.

Bese YBen-The year selected to which the major por-
tion of the data are related. It is usually taken as

the year of the survey.
Cerrnnauou-The procedure used to adjust travel models

to simulate base-year travel.

Cepecrrv-The maximum number of vehicles that can
pass over a given section of a lane or roadway in

one direction (or in both directions for a 2-lane or
3-lane highway) during a given time period under
prevailing roadway and traffic conditions. It is the
maximum rate of flow that has a reasonable expecta-
tion of occurring. The terms "capacity" and ,þossible

capacity" are synonymous. In the absence of a time
modifler, capacity is an hourly volume. Capacity
would not normally be exceeded without changinng
one or more of the conditions that prevail. In ex-
pressing capacity, it is essential to state the prevailing
roadway and traffic condition under which capacity
is applicable. Refer to the revised edition of the
Highway Capacity Manual for more detail.

Cepecrry Resrn¿rNr-The process by which the assigned
volume on a link is compared with the practical
capacity of that link and the speed of the link ad-
justed to reflect the relationship between speed,
volume, and capacity. The procedure is iterative until
a realistic balance is achieved.

CrNrner BusrNnss Drsrnrcr (CBD)-Usually the down-
town retail trade area of a city, or generally an area
of high land valuation, traffic flow, and concentration
of retail business, offices, theaters, hotels, and service
businesses. The CBD fo¡ms the smallest subregion of
a study region (in the context used in the user's
guide).

C¡Nrner Crrv-Generally, the residential,/commercial
subregion of a metropolitan region" between the
suburb and the CBD. In the user's guide, the central
city has been delineated, in some cases, as that area
other than the CBD, lying inside a circumferential
highway; for example, a beltway.

CeNrnorD-An assumed point in a zone that represents
the origin or destination of all trips to or from the
zone. Generally, it is the center of trip ends rather
than a geometrical center.

Crncurry Fecron-A directionless number used to con-
vert airline distance to over-the-road distance. This
number varies from 1,.20 to about 1.40.

Corrpcron-DrsrRrBuToR Srnner-An auxiliary road-
way, separated laterally from, but generally parallel
to, the expressway or thru roadway, which serves to
collect and distribute traffic from several access con-
nections between selected points of ingress to, and
egress from, through traffic lanes.

Conooru LINn-An imaginary line enclosing a study area,
along which external interviews are conducted.

Cour¡r-A volume counted on the street, which may be
used for comparison with the present traffic volume
assigned to the corresponding link. The cóunt may
be directional or total two-way, peak hour-morning
and/or ¿f1s¡¡66¡-¿nd/or a 24-hr value.

Ç¡¡a¡1¡B-dn imaginary line placed at a strategic location
to intercept all the links in an identified corridor.
Traffic counts and trips assigned to the corridor are
compared as a check of survey accuracy or model
calibration.

Desrne LrNs-A straight line connecting the origin and
destination of a trip. A desire-line map is made up
of many such desire lines, the width of which repre-.



sents the volume of trips moving between the origins
and destinations.

DESTINATIoN-The location at which a trip terminates.

DrnectrorqatlTY-The directional distribution orientation
of trips emanating from a land-use activity. (See

Gr,ocR-epHrc OnteNrerroN. )
Dlstnnur¡oN-The process by which movement of trips

between zones is estimated. Distribution may be

measured or estimated by a growth factor process or

by a synthetic model.

DrstnlsuttoN Fecron-A factor identical to the friction
factor, but for the user's guide, it was not derived

empirically; instead, a set of normalized friction fac-

tors have been Provided.
Dlsrnrcr-A conglomeration of contiguous zones for

transportation analysis. The area of a district may

vary from about 3 sq mi to about iÜ0 sq mi <iepenci-

ing on the type of study to be conducted.

DlvEnstoN-The process of allocating trips between two

possible routes on the basis of measurable parameters'

DwelLtNc UNrr-A room or group of rooms occupied or

intended for occupancy as separate living quarters,

by a famity or other group of persons living together

or by a person living alone.

Eeulv¡I-eNr LeNes-The expression of lanes in terms of
some base condition. For example, a lane of a 4-

lane arterial has a capacity equal to 1'6 times the

iapacity of a lane on a 2-lane arterial'

Expnnssw,lv-A divided arterial highway for through

traffic with full or partial control of access and gen-

erally with grade separations at intersections.

Fneew¡v-A divided arterial highway designed for the

safe nonimpeded movement of large volumes of

traffic, with full control of access and grade separa-

tions at intersections.

Fn¡crIot'I Fecron-See DrstnmutIoN F¡cron.
GnBeN-ro-Cvcre (G/C) Rerro-The fraction of cycle

time that a speciflc through traffic movement has a

green signal light. It is calculated as the same

ã-ount of green time divided by the time from the

instant the signal turns green until it completes one

full cycle and turns green again'

Geocnepsrc OnteNrerroN-The movement of trips to

and from a generator as related to direction in terms

of east, west, southeast, and the like.

Gnevrrv Monel: A mathematical model of trip distribu-

tion based on the premise that trips produced in any

given area will distribute in accordance with the

ãccessibility of other areas and the opportunities they

offer.

Gnowrn F¡cron-A ratio of future trip ends divided

by present triP ends.

Houn-B¡s¡n No¡¡woRr (HBNW) Tnlp-A trip, for the

purpose of shopping, or for a social-recreational pur-

pose, or for any other purpose other than work, with
one end at the residence of the trip-maker.

Hovre-Bnseo Trup-A trip with one end at the residence

of the trip-maker.
HovrB-Besep Wom (HBW) Tnlp-A trip, for the purpose
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of work, with one end at the residence of the trip'
maker.

Ivpspe¡rce-The total "time cost" incurred by an in-
dividual when making a trip. It includes travel time
in the vehicle, time spent getting to and from the
vehicle, and any perceived cost associated with the

trip converted to minutes.

INrenzoNel Tn¡.ver True-The total travel time between

different zones consisting of the terminal times at

each end of the trip plus the driving time.

INrenzoNet TnIp: A trip with its origin and destination

in different zones.

INrn¡zoN¡r T¡.evn Trvre: The average travel time for
trips beginning and ending in the sar¡le zone, includ-
ing the terminal time at each end of the trip.

INrnezoNel TnIp-A trip with both its origin and destina-

iion in the same zone.

IN-ven¡cre Trpre-That portion of the total trip time
spent in any major mode vehicle-generally an auto

or a bus.

LnNp Use-The purpose for which land or the structure

on the land is being used.

Lrv¡r on Senvlce-The quality of service provided by a

facility under a given set of operating conditions.

Refer to the revised edition of- the Highway Capacity

Manual for more detail.

Loc¡r Srnser-A street intended only to provide access

to abutting properties. In traffic assignment, any

link having a centroid as one node.

Mr¡.¡Ivruvr Pern-That route of travel between two points

which has the least accumulation of time, distance,

or other parameters to traverse' This path is found

by path-building programs (BUILDVN, UPATH,
UROAD) or manuallY.

Moper Spur-The division of person-trips between pub-

lic and private transportation. The process of separat-

ing person-trips by mode of travel.

Mope or Tnever-Means of travel such as auto driver,
vehicle passenger, mass transit passenger, or walking'

Mo¡el-A mathematical formula that expresses the ac-

tions and interactions of the elements of a system in
such a manner that the system may be evaluated

under any given set of conditions; i'e., land-use,

economic, socioeconomic, and travel characteristics'

Nerwom-A system of links describing a transportation

system for analYsis'

No¡¡nor're-Beseo (NHB) Trup-A trip that takes place

between two points, neither of which is the home

end of the trip-maker.
Onre¡¡tetIoN-The directional distribution of trips rela-

tive to the compass; i.e., the northern sector, or the

eastern sector, and so forth. (See Geocneuuc
OntnNrertoN.)

OnrcIN-The location of the beginning of a trip or the

zone in which a triP begins.

Our-on-VeHIcre TIvrB-Time spent while making a trip
that is not in any type of vehicle (e'g', walking time,

waiting time, and terminal time). Generally out-of-

vehicle time is assessed a penalty factor because it is
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perceived as more of a deferment than is in-vehicle
time.

Ourpur-Information produced by some calculation
whether accomplished by computer or manually.

Oven-rHs-Roep Drsrel¡ce-The distance in miles actually
traveled from point of origin to point of destination.

Pelr Houn-The 60 min observed during either the nu
or nrvr peak period that contains the largest amount
of travel.

P¡¡r-Houn Flcron-The fraction of the average daily
traffic volume occurring during the highest volume
60-min period during the day.

Peer Houn-Prex Drnrcnox-The travel direction which,
during the 60-min peak hour, contains the highest
percentage of travel.

Pe¡r Pnnro>-The two consecutive AM or pvr 60-min
periods which collectively contain the maximum
amount of ervr or prvr travel. Peak period can be
associated with person-trip movement, vehicle trip
movement, or transit trips.

Pnnso¡¡-Tnrps-The sum of trips made as passengers of an
automobile, bus, taxi, truck, and the like, plus as an
automobile driver. Auto person-trips are trips made
as a driver or passenger in an automobile. Car occu-
pancy is calculated by dividing automobile person-
trips by automobile driver trips.

PLANPAC-That portion (dataset) of the FHWA battery
containing a "core" set of computer programs for
dealing with urban transportation planning.

Pnrvreny DrnecrroN on Frow-Direction of maximum
flow on a facility during some time period.

RecroN-The entire metropolitan or. urbanized region.
Aggregated subregions form a region.

Roure-That combination of street and freeway sections' 
connecting an origin and destination. In traffic assign-
ment, a continuous group of links connecting cen-
troids that normally require the minimum time to
traverse.

ScnBeNuNe-An imaginary line, usually along a physical
barrier, such as a river or railroad tracks, splitting the
study area into a few parts. Traffic counts and pos-
sibly interviews are conducted along this line, and the
crossings are compared to those calculated from the
interview data as a check of survey accuracy.

Strp-A location containing a land-use activity, such as a
shopping center or a stadium, or a location proposed
to contain some activity.

Sp¡,cIwe-The average distance between like facilities in
a transportation system. For example, average dis-
tance (spacing) between arterials of 1.2 mi.

Sp¡,c¡er GnNen.lron-A land-use activity that generates a
high volume of traffic, such as a shopping center, an
airport, or a university.

Seulne Tnlp Ta¡rB-A table of zone-to-zone trips showing
trips by direction between each pair of zones.

Sunen¡.1-A conglomeration of districts, such as a large
residential project of a transportation corridor de-
lineated for analysis.

Su¡necrou-A portion of the metropolitan region. For
the user's guide, the term subregion is used to describe

the CBD, the central city, and the suburb. A number
of subareas aggregated form a subregion.

Susuns-Generally, the residential subregion of a metro-
politan region. In the user's guide, the suburb has
been described in some cases as that area lying outside
a circumferential highway; for example, a beltway.

Tenvtrruel Ïue-The time, associated with an auto trip,
required to get from the point of origin to the auto
and from the auto to the final destination. In the CBD
it may be the time to get from a pa¡king garage to the
office,

Tnerrlc AsslcNrursNr-The process of determining route
or routes of travel and allocating the zone-to-zone
trips to these routes.

Tnexslr Heepwey-The time between consecutive transit
vehicles operating on the same line at a given point on
a transit route. In the case of a route that has more
than one transit line with similar destinations, the
transit headway can be calculated as the time between
transit vehicles, at a point along the route, for those
lines collectively.

Tntp-A one-direction movement which begins at the
origin and ends at the destination. For example, a
trip movement from a residence to a work place is a
trip from home to work.

Tnrp ArrnecrroNs-The number of home-based trip ends
at the nonresidence end of the trip-maker; for example,
all work trips to and from the work place are con-
sidered as attractions at the work place. A location
which has no residences will, therefore, have no trip
productions. All trips to, plus from the locations, will
be attractions. For all nonhome-based trips, attrac-
tions are synonymous with productions.

Tnlp Drsrnrsur¡o¡r-The process by which the movement
of trips between zones is estimated. The data for each
distribution may be measured or estimated by a
gro',vth factor process or by a synthetic model.

Tnrp ENo-A trip origin or a trip destination. Trip ends
for a location are the summation of origins ønd
destinations. A trip has two ends, the origin and the
destination. A site which has over some period of
time, 2,000 trips entering and 1,800 trips leaving, has
3,800 trip ends associated with it. The 3,800 total
trips to and from the site represent a total of 7,600
trip ends. Of these, 3,800 occur at locations other than
the site in question.

Tn¡p GnN¡neuoN-A general term describing the analysis
and application ofìhe relationships that exist between
the trip makers, the urban area, and the trip making.
It relates to the number of trip ends in any part of the
urban area.

Tnrp Leucrn-The length of a trþ measured in miles; may
be airline distance or over-the-road distance.

Tnlp-Le¡rcrr¡ FnequeNcv þ¡sa¡¡su1¡s¡-Jhe array which
relates the trips or the percentage of trips made at
intervals of various trip distances.

Tnrp PnooucrroNs-The number of home-based trip ends
at the residence end of the trip maker; for example, all
work trips to and from the residence are considered as

home-based work productions at the residence. If
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three home-to-work trips and íwo work-to-home-trips
are associated with a residence, it is considered to
produce five home-based work trips. For all nonhome-
based trips, productions are synonymous with origins.

Tnrp Punpos¡-The reason for making a trip; normally,
for one of ten possible purposes. Each trip may have
a purpose at each end; for example, home to work.

Tnrp TesLe-A table showing trips between zones----either

directionally or total two-way. The trips may be

separated by mode, by purpose, by time period, by
vehicle type or other classification. (See SQuene Tntp
Terln.)

Un¡,lNrzro Anee-An urbanized area contains a city (or
twin cities) of 50,000 or more population (central
city) plus the surrounding, closely settled incorporated
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area which meets certain criteria of population size or
density.

UTP$-The FHWA/UMTA Urban Ttansportation Plan-
ning System distributed by UMTA. A combined
FHWA/UMTA package of computer programs for
aiding in urbari transportation planning.

VMT-Vehicle-miles of travel" is generally used as an

areawide measure. May be calculated by summing
data on a link basis or by multiplying average trip
lèngth (in miles) times the total number of vehicle
trips.

ZoNe-Geographically, the smallest analysis area for trans-
portation analysis., A zone might vary from less than
1 sq mi te about lQ sq mi depending on the study
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