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PREFACE

The major purposes of this guide are:

- to present in concise terms the techniques currently
available for estimating Toads on a transportation network, with reference
to more detailed literature should the reader desire additional information.

- to discuss the operational decisions that must be made in
applyina any traffic assignment technique such as the selection of zones
and network, selection of network impedance values, and the trip loading -
adjustment process to be applied.

- to describe the numerous uses for the traffic assianment
procedure in addition to the traditional network planning application.

- to present the evaluation of the products of the assignment
process made by professional personnel and the uses to which they are put.

This guide is not intended to be a manual of procedures which can be
followed to produce traffic assignments to a transportation network. Also,
it does not recommend the use of any specific operational procedures or
package of computer programs., The document is a presentation of the
existing knowledge in traffic assignment methods, applications, and products
of the assignment process.

This document should be useful to at least three groups of individuals:
professional transportation planning personnel who are interested in
evaluating currently used techniques and procedures; those starting their
careers in transportation planning and who wish to arrive at some
conclusion regarding techniques and procedures available for traffic
assignment; and administrators in Federal, State, and Tocal government as
well as other government personnel who as part of their responsibility

must be in a position to understand and evaluate traffic assignment results.

This document is the result of the work of the COMSIS Corporation,

under contract to the Federal Highway Administration. The contractor's
personnel worked in conjunction with personnel of the Urban Plannina
Division of the FHWA and a number of other professional personnel
experienced in traffic assignment techniques and procedures. Information
for the document was gathered from field visits to a number of State
nighway departments, urban transportation planning studies, and councils
of governments and transportation consultants as well as from reports
available from numerous sources. While space does not permit mention of
all sources of information here, we have attempted to reflect the
philosphy and views expressed by those professionals contacted in the
field.
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CHAPTER 1
BACKGROUND

DEFINITION AND GENERAL DESCRIPTION

Traffic assignment is a process used to aid in the development of loadinas
on a network of transportation facilities. The result of the assignment
process is an estimate of user volumes on each segment of a transportation
network as well as the turning movements at intersections of the network.
Traffic assignment is used for the simulation of current traffic volumes
on a transportation system and the forecast of probable future volumes
using trip interchanges from an origin destination survey or as developed
from modeling techniques. The user volumes may be the number of vehicles,
the number of total persons, the number of transit riders, or any other
user characteristic that can be described by an origin, destination, and
some quantifiable trip interchange characteristic. The result of the process
is the type of information gathered in field counts of traffic volumes or
transit ridership.

There are many uses of traffic assignment techniques. These include: uses of
- The development and testing of alternate transportation vaitic
systems. assignment

- The establishment of short range priority nrograms for
transportation facility development.

- The detail study of traffic generators and their effects on
the transportation system.

- Analysis of location for facilities and service within a
transportation corridor.

- Development of desian volumes

- Providing necessary input and feedback to other planning tools.

The application of the assignment process has included urban area networks,
statewide systems, and national systems. The process has been used to
assign vehicles to a highway network, passengers to transit networks,
passengers to air carrier routes, and freight to rail lines. Some special
applications include: the scheduling of a trucking system for solid waste
pick-up and disposal; the placing of public facilities such as fire stations;
obtaining "official" distances for rate bureaus; economic studies such as

for filling station location and usage; and air pollution studies of

exhaust emissions.

Input to the traffic assignment process, regardless of the type of network
to be considered (transit, highway, rail, etc), includes: input &
- Network geometry - A description of the interconnections and output
segments of the network representing the transportation system
under consideration. This may be viewed as a map containing
the network to be studied.
- Network parameters - The assignment process (except for "direct"
assignment methods) requires network segment values to allow
selection of routes through the network under study. Only one
value is required. Examples of the value would be travel time,
distance, travel cost, or a combination of these. No other
network parameter is required, but others are developed for



special analytical purposes as will be described.

- Interchange values - This value is the characteristic to be Toaded
onto the transportation network through the assignment process
described by an origin, a destination, and an interchange value.
Examples of the value would be vehicles, persons, or tons of
cargo.

The output of the traffic assignment process basically consists of loads on
each of the segments of the transportation network. These may be 24 hour
vehicular highway traffic volumes, peak hour transit volumes, or yearly
volumes of freight flow. In addition to the segment volumes, the assignment
process produces turning movements at segment intersections, minimum routings
through the transportation network, and the minimum summation of impedances
between origins and destinations.

Assignment techniques (except "direct" assignment methods such as DTEM

see pageb55 ) rely on the determination of routes through a network of
facilities based upon segment impedances such as time, distance, or cost of
travel or a combination of these. Interchange values described by an origin
and destination are then accumulated on the network segments comprisina the
path(s) calculated between the origin and destination. The accumulation

of all origin-destination interchange values on the network segments is the
load on the transportation network.

The traffic assignment process is but one procedure in the transpnortation
planning process (see next section). However, the results (i.e., traffic
flows on segments of a network) of the assianment process are usually viewed
as the most critical, are most widely used, and are the type of results which
are most understood by the administrator, the public and the planners. The
intermediate results of the process, the interchange value summations
(impedances), are used for other analytical procedures such as for modal
split analysis, trip generation, and land use distribution. The final
segment loads are widely used and generally receive more exposure, analysis,
and evaluation than those from the other procedures.

TRAFFIC ASSIGNMENT IN THE TRANSPORTATION PLANNING PROCESS

Base Network Development, Model Formulation, and Plan Development

Traffic Assignment techniques play a large role in many phases of the
transportation planning process. For purposes of discussion, the
continuing urban transportation planning process will be singled out.
The continuing elements of the process consist of the followina five phases:
- Surveillance - maintenance of transportation related data
on a current basis
- Continuing reappraisal - insuring maintenance of planning
process and program uii an up-to-date basis
- Service - supply data as needed to local, state, and federal
agencies
- Procedural Development - improve techniques
- Annual report - describe progress of continuing process
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As an initial phase in the continuing process, base networks must be
developed and planning models formulated. The overall technical process
is illustrated in Figure I-1 and includes the overall phases of

(1) formulating goals and objectives; (2) organization for the process and
collection of data (inventories); (3) analysis of current conditions
including the calibration of models; (4) areawide forecasts of future
conditions; (5) the analysis of future alternative systems; (6) the
continuing elements of surveillance, reappraisal, procedural development,
service, and annual report. Reference should be made to Figure I-1 in

the following discussion.

Transportation facility inventories provide the basis for traffic

assignment networks. The network is a key item in the selection of
geographic analysis units (zones) for planning purposes. As will be
described later, there is a necessary and direct relationship between the
size and shape of geographic analysis units and the transportation network
selected for planning purposes. This relationship will vary in accordance
with the uses to be made of the assignment techniques, such as, regionwide
planning, corridor analysis, small area study, etc. The assignment

technique is first utilized on the existing network at the time of the iritial
data collection. The results of the coded and factored origin and
destination survey (i.e. trips) are assigned to the network for survey
validation purposes. The assignment technique provides an inexpensive and
efficient means for accumulating 0-D trips across screenlines and portions

of screenlines as well as through corridors for comparison with ground counts.
In conjunction with the 0-D data validation, the choice of zones and network
are evaluated during this initial phase. Adjustments normally have to be
made to the extent of network and the inter-connection between the network
and the zoning system, Very seldom are changes made in the zones themselves
due to the work involved.

After the survey data is validated and the extent of the coded assignment
system and zone system examined, the network is used to obtain zone-to-zone
impedances for input to other planning tools. These impedance values are
initially based upon travel time surveys. However, during the traffic
assignment model calibration, adjustments are made to the initial values,
The effects of these changes and decisions as to values to use for future
assignments are extremely important. In trip distribution model calibration,
the impedances provide a measure of the zonal separation which is a
necessary input to most distribution models. The impedances on a zone tc
zone basis are also used for calibrating many modal split models. Here,
values such as the impedance on the highway network divided by the

impedance on the transit network or the difference in impedances is
sometimes used. In other cases, accessibility measures are used which
depend on zone to zone separation values for their calculation. These
accessibility measures are also used.by several land use distribution models
currently in use (1). Although not used to any great extent, there is
growing evidence that trip generation is related to some degree to the
accessibility of households to their surrounding area (2).

As part of the calibration process for trip distribution and modal split,
a comparison of model produced travel is generally made with travel based
on the 0-D survey. This comparison again utilizes the assignment process
where the model trips are loaded on the base network and compared to the



0-D travel loaded on the base network. Comparisons are normally made
by screenline, portions of screenlines, system type (functional class, i.e.,
arterials, collectors, etc.), and individual Tinks.

After the calibration process is completed there are some basic types of
assignments made which include:
- Existing trips to the existing network
- Future trips to the existing plus committed network
- Future trips to the existing plus committed plus proposed
network(s)

These types of assignments are made to assist in formulating and evaluating
alternate transportation systems for serving future demand.

Detailed Network Study

The continuing transportation planning process puts emphasis on the use role in
of the traffic assignment technique for specific, detailed study and continuing
analysis as well as model formulation and development, and evaluation of planning
alternate transportation systems, There is continuing refinement of future
system plans through reappraisal of changes in an area and improvement of
forecasting techniques. In addition, emphasis is placed upon the following
types of functions in which traffic assignment plays a major role.
- priority planning through the assignment of travel for
intermediate years to their corresponding systems
- detailing of route locations through established corridors
and studying in more detail features such as alternate inter-
change location
- evaluating the effects of new and large generators such as
airports, housing developments, and commercial complexes on
the surrounding transportation system, and the provision of
additional service where necessary
- development of design hour volumes and other factors necessary
for the detailed design of facilities

HISTORICAL DEVELOPMENT OF THE ASSIGNMENT PROCESS

Individual Route Study

The traffic assignment process, as generally practiced, is highly
dependent upon origin-destination trip information and can be dated to the
collection of such data. Initial application of the traffic assignment arl
idea was related to the testing of alternate Tocations for a single new E""T?%htiOns
transportation facility such as a toll facility, freeway, or other high ciudRi 2l S
type route. Origin-destination information collected at roadside locations

on existing facilities was used as a base. This travel was usually

factored to represent some future demand considering factors such as



induced travel due to the new facility as well as growth due to increases
in population and travel, The primary problem was to forecast the
diversion of travel from the existing facilities to the proposed new
facility.

The individual route study required an estimation of the traveler's

choice of a route to complete nhis trip. Various parameters were used to
compare travel using the proposed facility to travel without the facility
in place. The parameters considered by different users included travel time,
distance, and user costs. Except when a toll facility was involved, early
application of the assignment process generally relied on distance as a
measure, This was because the minimum route between two points could
readily be visualized from a map without the tedious and time consuming
accumulation of individual section imnedances necessary to find a minimum
route if a parameter, such as time, were used. Even for the study of an
individual facility, the traffic assignment process was an inefficient
allocation of personnel time. However, there are still many cases where
manual route allocation is effectively used.

Traffic Diversion

The assignment of traffic to a new facility required the calculation of
routes between origin and destination pairs as well as the diversion of
some portion of travel from the existing system to the proposed facility.
The problem was to determine the proportion of travel to divert. Initially,
the diversion was based upon intuition, personal experience, and judgement
using measures such as travel time, travel distance, and costs via the
alternate routes. Early study indicated that relative travel time between
two facilities would provide the basis for a reproducible approach,

My. Earl Campbell, of the Highway Research Board, theorized that an "S"
shaped curve could be used to relate the percent use of a particular
facility to the ratio of travel times between the new facility and existing
competing facilities (3). Other approaches considered time savinas between
the proposed and existina facilities, combinations of time and distance
savings, and combinations of time and distance ratios. Studies were made

to support the proposed diversion approaches and applications were made in
several Tocations. As a result, AASHO developed a standard traffic
diversion curve as recommended practice for estimating use of urban freeways.
This curve was based upon the travel time ratio between the proposed

freeway and the quickest alternate route (4). Other techniques were
developed and used by the various state hiaghway departments. California,
for example, developed time and distance savings curves which consist of

a series of hyperbolas (5). These studies and approaches dealt cenerally
with a single freeway and parallel existing routes. As the capability

to handle individual facility study improved, the realization of the need
for complete network study emerged. The techniques developed for individual
route study were time consuming and impractical for application to entire
networks.,



Minimum Route Calculation

The two major steps in traffic assignment are:
- The calculation of routes through the network
- The accumulation of travel (0-D trips, generally) on the
facility segments comprising the minimum routes.

The first step is the critical one if one realizes the thousands of
possible alternate routes between each pair of zones in even a moderate
sized network. The second step is basically one of bookkeeping in the
accumulation of trips to individual facility segments.

Initial automation of the assignment process was accomplished on punch
card tabulating equipment, but was only aimed at step b above. Likewise,
initial electronic computer applications to traffic assignment did not
provide for the minimum path calculation, but were, for the most part,
tabulating programs that summarized the data developed by the engineer
for route selection for each zone to zone movement. The route selection
problem was the key. The computer could try all combinations of segments
to determine minimum paths, but the costs would be prohibitive.

The breakthrough in the network path determination came from work

undertaken to solve the route selection problem of the telephone systems

for direct dialing of long distance telephone calls. Algorithms were
developed which greatly reduced the computational time necessary for route
selection. Two papers published in 1957 provided the impetus for computerizing
the route selection process for traffic assignment: The Shortest Path
Through A Maze, by E. F. Moore; The Shortest Route Problem, by G. Dantzig.
Soon after, an assignment process by computer for a very small network was
developed by the Chicago Area Transportation Study. A series of programs for
large networks was later developed for the IBM 704 computer through a
cooperative effort of the Bureau of Public Roads, The Washington Regional
Highway Planning Committee, and the General Electric Computer Department at
Phoenix. This version could assign trips using the travel time ratio
diversion technique or by assigning all trips to one minimum route between

an origin and destination.

Computer Application

Many features were soon incorporated into the various assignment systems
developed. Refinements such as specifying penalties for turns, prohibiting
turns, and the use of other diversion techniques were incorporated. Most of
the features could be considered only because of the availability of
computer systems,

The initial assignment packages served for some ten years. During this time
one of the more serious problems encountered was being able to reflect the
affects of system congestion in the assianment process. Segment sneeds had
to be specified without knowing the volume assigned to a segment. The
feedback process incorporating a speed to capacity function was incorporated
in the assignment techniques and is known today as capacity restraint.



Most of the assignment technique development was aimed at highway system
. work., In the mid 1960's, however, the firm of Alan M. Voorhees developed
Eﬁﬂﬂéj}_ a transit planning package of assiagnment programs which considers the
assignment special network problems related to transit assignment (6). This system
was later prepared for the "3rd generation of computers" which is based
upon solid state circuitry. Processing speeds and data storage capabilities
were therefore significantly increased. In addition, manufacturers
provided for program compatability between different computer models
and relied more heavily upon direct access storage devices (i.e., disks).
The Urban Mass Transportation Administration has further developed the
Transportation Planning System (UTPS) (7).

One of the more critical problems encountered by several transportation

EEEE%EL planning agencies was the inability of the assignment systems to handle very
EEEE_$E% large networks. The State of Texas developed a network partitioning system
nandelied which allowed portions of a network to be handled by the computer, but

with results as if the entire network was considered simultaneously (8).
The Tri-State Regional Planning Commission (N.Y., N.J. & Conn.), also
faced with the problem of size (8000 sq. mile study area), decided that
no existing procedure could serve properly since:

- The network was too large for available systems,

- A system was required where results could be obtained for a

nortion of a network or even a single segment.

This resulted in the development of the Direct Traffic Estimation Method
which allows assignments to single links or any groupina of 1inks as
required (9).

Another problem of increasing importance is the necessity to study route
locations and street systems in detail, as well as to simulate detailed
vehicular movements in small areas. Some users have adapted the general
assignment technique to this small area or detail study. Creighton,
Hambura, Associates has developed "Micro Assignment", which provides for
assignment of traffic to a finely coded network and which incorporates
traffic control features (10).

special There are many special anplications that have developed because of computer
applications solution to the assignment process. This includes selected link analysis
(to determine trips using specified seaments), spiderweb assignments to
aid in developing systems, and automatic graphical display of alternate
assignments. Other developments based upon computer availability that
have added to assignment _capabilities include work done in speeding up the
route selection process such as the Road Research Laboratory Algorithm (11),
multi route assignment techniques such as probabilistic assignment
(STOCH) (12) and incremental loadings as an approach to capacity restraint (13).
In addition, automatic plotting capabilities have vastly increased the
ability of traffic assignment users to assimilate the data produced by
computer assignment. New features and capabilities are being added
continuously and assignment techniques are being used for many planning
purposes not envisioned five years ago.

This document does not provide detailed information required to process
traffic assianments with any of the traffic assignment computer systems
available. For detailed information concerning the FHWA urban planninag



system 360 program battery refer to the two manuals Urban Transportation computer
Planning - General Information (14) and Urban Transportation Planning - system
Program Documentation (15). _reference

OTHER USES FOR MINIMUM ROUTE DATA
Input to Other Models

Although the basic results of the traffic assignment process (segment loads)
receive a considerable amount of exposure, secondary results are used as other uses
input to other planning tools and for special studies.

Many modal split techniques require zone to zone costs for a transit and
highway network. These are based upon the minimum route information

output by the assisgmment technique.. The minimum routes might be based upon
travel time, with related costs added, or they might be based on cost coded
to the transportation facility segments. Other modal split techniques
utilize accessibility indices which are based upon zone to zone travel
impedances and some measure of trip attractiveness.

Trip distribution models also require some measure of zonal impedances.
Some techniques use the zone to zone impedance to order zones from a point
in question. Other techniques use the zone to zone impedance as a direct
input to the trip distribution process.

Recently developed land use models require the calculation of accessibility
indices as a required input to land use distribution (1). Likewise,

some practitioners have used accessibility indices as a variable in their
trip generation analysis.

Network routing input to the calibration and application of the various
models for transportation planning requires some decision as to the
segment impedance values to utilize. There is a wide variation in the use
of speeds for current and future networks. The possibilities used for
hignways, for example, include:
Current Networks (model calibration)

Actually measured speeds

Speeds based upon a sample of measured speeds

classified by functional classification and area type

Desired speeds

Free flow speeds

. Some function of signed speeds

Future Network (model application)

Speeds based upon current network capacity restrained speeds

Current network speeds classified by functional class and type

of area

Desired level of service speeds



Regardless of the choice of initial segment impedances, it is important

that the final application of the models be based upon impedances

reflective of the conditions one is trying to represent. If a "desire"

level of analysis is required for planning purposes, uncongested input

speeds for segments might be indicated. If the use is for desian volume
development purposes, it is important that congestion level impedances

on segments be used to obtain zone to zone impedances as input to the

models used. This implies a feedback process to account for system
congestion, which in current practice is based mostly upon capacity restraint
techniques.

Special Studies

The minimum route data produced by the traffic assignment process has been
used for a wide variety of special studies. The purpose of this report is
to describe applications in urban areas, statewide and national studies.
However, a listing of some special applications made may be of interest.

- Obtaining "official" distances for rate bureaus between points
throughout a state.

- Aiding in the determination of locations for public services
such as fire stations, ambulances, etc., to best serve some
estimated demand distribution in an area.

- Scheduling the most economical routings for a truckina system
for solid waste pick-up and disposal.

- Determining the effects of special generators, such as shopping
centers and major office complexes, on the surrounding street
system.

- Providing information necessary for the evaluation of alternate
locations for shopping centers, filling stations, etc.

- Studying the pollution effects of automobile exhaust emissions
throughout an urban area.

DATA REQUIREMENTS
Network Geometry

The three basic data requirements for any traffic assignment technique are:
network geometry; network parameters; and interchange trip values. Althougn
these are consistent between techniques, there are some very significant
differences in the form of these data.

) Network geometry refers to the segments of a transportation network
link-node  and their interconnections. For most assignment techniques, the geometry
éliéﬂl description represents the network as a collection of nodes (numbering of

intersections) connected by links (transportation facility seagments between
nodes). The description of network geometry is similar to viewina a map
of a highway system. A sample highway network is shown in Fiagure I-2,

10
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In addition to defining the interconnection between seoments, the network
geometry describes the interconnection between loading noints (points at
which trips are loaded onto the network) and the network.

The network geometry is described differently for special assignment techniques
such as "Micro Assignment" and the UMTA Transportation Planning System (UTPS).
The Micro Assignment deviates from the more general assignment techniques

in that it deals with each intersection in detail resulting in a set of

Tinks each of which represent one of the possible movements through an
intersection. The road segment leading to the intersection is considered

to be an integral part of the network. A schematic view of this concept

is shown in Figure I-3.
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Because of special transit operation considerations, the transit system
deviates from the more general assianment processes., The network geometry
for the transit system is route oriented. The package allows each transit
line to be identified separately. Likewise, there may be up to eight links,
one to each mode, between any two nodes. In addition, nodes are coded only
at load and transfer (station) points between transit lines. Example of
network geometry for a transit network is shown in Figure I-4. For detailed
coding instructions for the various assignment techniques the reader is
referred to items (7, 10, 14, 15) in the References section of this report.

Network Parameters

The single item necessary for assignment purposes on each network segment

is an impedance value for minimum path calculations. This impedance impedance
might be travel time, distance, cost, or some derivative function of these.
Assignments can be made without any additional network parameters. Other

data, such as turn penalties and turn prohibitors, however, allow the

development of more realistic assignments and more meaningful reporting of

results.,

The traffic assignment packages used for nighway networks usually incorporate
data for link volume under current conditions as actually measured in the
field, link capacity, facility classification data, and other descriptive data.
Link volumes are used as a check on the assignment process to indicate proper
selection of the network and interconnection with load points. Link

capacities calculated using techniques described in the Highway Capacity

Manual - 1965 (16) are used to provide a feedback during the assignment

process in representing system congestion via some capacity restraint
technique. Descriptive data, such as functional classification, administrative
classification, type of area the segment traverses, and type of facility
description, allow summaries to be developed which detail the assignment

output by these categories. Figure I-5 shows the input that might be coded

for each segment of a highway network. The minimum data required for assignment
include the node numbers and impedance values for each link (i.e., travel time
and/or speed and distance).

Because of special operating characteristics, transit assianment requires a
different set of network parameters to result in a meaningful assignment

and summary results. Included are values for headway, transfer points,

type of operation indicators (i.e., one-way, peak hour operation, etc.), and
speed of operation. Figure 1I-6 shows the input data format used to code
for the UTPS (UMTA Transportation Planning System).

The micro assignment technique recognizes traffic control features, On this
basis, in addition to 1ink distance and speed, the system requires traffic
control input such as cycle times, green times, type of control indication,
movement prohibition, lane operating features such as special turning lanes,
lane reversal indications and parking information. The input format for the
micro assignment package is shown in Figure I-7.
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Card Colurn

Columns Contents
1 Unused (perhaps identification)
* 2-6 A-node number
i A-node leg number (0-3)
*8-12 B-node number
1.3 B-node leg number (0-3)
*14-17 Distance
*18 T or S for time or speed (A-B)
*19-21 Time or speed (A-B)
22-24 Turn penalty codes at node B
25-28 Hourly capacity (A-B)
29-31 Conversion factor (VPH/ADT), (A-B)
&2- 306 Directional count (A-B)
37-38 Street width (A-B)
39 Parking (A-B)
. 40 Unused (A-B)
g ! T or S for time or speed (B-A)
42-44 Time or speed (B-A)
45-47 Turn penalty codes at node A
48=51 Hourly capacity (B-A)
52-54 Conversion factor (VPH/ADT), (B-A)
55-59 Directional count (B-A)
60-61 Street width (B-A)
62 Parking (B-A)
63 Unused (B-A)
64 Administrative classification
65 Functional classification
66 Type facility
67 Surface type
68 Type area
69-70 Predominant land use
71-74 Link location
75-78 Route number
79 Condition
80 Unused

* Minimum data items that must he coded far an all-nr-nnthing assinnment

Figure I-5

Highway Network Data -- FHWA Urban Transportation Planninag Cattery (14)
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trip table

Trip Interchange Data

A11 assignment techniques (except direct assignment methods which require

trip ends) require an origin-destination trip matrix which contains the

number of trips from each origin to each destination in an area. This

trip matrix is loaded onto the assignment network through "load points*

which may be either on or off the assignment network (i.e. may be intersections
of t?e network or may be external points connected to the network by a

line).

The trip matrix may be developed for any type of characteristic (e.g., time
of day, origin-destination combinations, etc.). Twenty-four hour trips

may be loaded, or any portion of a day such as the morning peak hour. Trips
may be for persons, for vehicles, for transit riders, or any subgrouping.
The matrix may include origin-destination movements for only some portion

of an area, such as trips to the central business district. The matrix used
for assignment may be developed from a field survey or may be aenerated by

a model,

The trip matrix used for micro assignment includes a startina time within
the micro area for each trip considered since the technique assigns small
increments of traffic over a period of time. Likewise, since small area
detail is a key reason for use of micro assignment, the trip matrix should
be available at a block or block face level rather than the zonal level
required for the previously described assignment techniques. Because of
these requirements, micro assignment is most useful in study of present
day operations rather than in study of future conditions.
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CHAPTER II
METHODS

The objective of this Chapter is to provide a basic description and

sufficient detailed information to allow an evaluation of the various chapter
traffic assignment technigues that are now available. References overview

are made to reports and documents that provide additional information

on the use of computer programs and systems which apply these techniques

for those who may wish to make use of a particular system. Other

documents referenced will provide more detailed theory description and,

in some cases, results of apnlications made. In addition to the description
of the more traditional assignment techniques for highway and transit

(i.e., trip interchanges assigned to minimum paths), information is provided
on other traffic assianment methods. Included are traffic diversion
theories, capacity restraint, a multi route probabilistic approach, direct
traffic estimation, as well as small area assignments using the newly
developed "micro assignment", adaptation of network methods and other
simulation techniques.

MINIMUM PATH AND DIVERSION TECHNIQUES - HIGHWAY ASSIGHMENT
Minimum Routes

Much of the early development in traffic assignment was related to hiohway
transportation. During the Tast several years, there has been increasing
development and application of techniques for other modes of travel. But,
the greatest amount of available techniques and facilities are still
related to highway networks.

Assignment techniques are based upon the premise that users of a transporta-
tion network wish to optimize some measure(s) of their travel. Generally,
the characteristics of travel considered are travel time, distance, and
cost. Most applications of traffic assianment utilize one basic measure of
travel and convert other measures to the basic measure -- if necessary.

For example, travel time on network seaments is the most widely used value.
Should there be toll facilities on the system, the tolls are converted to

a corresponding time impedance for network coding. This conversion is

based upon adopting some value of time measure. Since such conversion is
at best an educated guess, there have been only a few applicaticns of
traffic assignment using travel cost as the basic network segment impedance.

Since minimum path assignment techniques are based upon the determination of
routes, efficient methods had to be developed. One can easily visualize the
problem of manual route determination if a four street by four street
regular grid pattern network is to be studied. To find the minimum time
path from one corner of such a network to the diagonally opposite corner,
forty different paths must be tested. The problem becomes uneconomical to
solve if all routes must be tested to find the minimum routes in a large
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minimum
route

algorithm

tree

urban area network of say 5,000 network segments. This is true whether
computation is done manually (a virtually impossible task) or by computer
(a task one could hardly afford).

The breakthrough in computation which allowed traffic assignments to complete
networks--rather than for testing a single proposed route--came from work
undertaken to solve the route selection of the telephone systems for direct
dialing of long distance telephone calls., Algorithms were developed which
greatly reduced the computational time necessary for route selection as
applied to highway networks. The first and most widely used algorithm,
although modifications have been made for special purnoses, is referred

to as the Moore algorithm. This algorithm does not require allpossible
routes between an origin and destination to he individually investigated

to find the shortest route. Rather, a miniiun "tree" is developed by

fanning out from the origin to all other accessible nodes in increasing

order of their impedance summatior from the origin. A.tree is defined

as the set of shortest routes from an origin to all other points in a
network. A centroid is the point used to represent the origin or destination
of all trips to or from a zone. Generally, it is the center of trip

activity rather than the geographic center. The following example is offered
to illustrate this process. Figure II-1 is a sample network, and we wish to
determine the tree for node 1. Figure II-2 is a visual representation of the
tree building process along with a step by step description.

Q l @ 3 1@ £ @ ®NODE (NO'S (16))

a 2 L R——X) unk
N2 AN 2 A e
- A 7 8 (:}__li——(:) LINK IMPEDANCE
) NS L \) VALUE (i.e. 3 MINUTES
ON LINK @-))
3 | I
=~ 3 N\ 3 7 3 0
@ © 0 ©®@
2 3 I I

FIGURE I1-1
SAMPLE NETWORK TO ILLUSTRATE TREE-BUILDING PROCESS
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HOME NODE

StEB .[. Determine the time X = ELAPSED
to the nodes connected to TIME FROM

node 1., The time to node 2 HOME NODE
is 1 and to node 5 the
time is 2.

(X) NODE NUMBER

Step 2. From the node closest to the
home node 1, which is node 2, the
connections are to nodes 3 and 6
(backtracking is not permitted). The
corresponding times are the time to node

2 plus the outbound Tink times from node
2 which are 4 and 5 minutes respectively.

Step 3. The node now closest to the home
node is node 5. Proceeding from node 5
to node 6 the time is the time to node 5
plus the Tink time on 5-6, or a total of
4 minutes. Likewise the time to node 9
is 4 minutes (time to node 5 plus link
time 5-9).

Step 4. The time to node 6 via link 5-6
15 iess than the previous route via link
2-6. Therefore, the link 2-6 is deleted
from the tree.

FIGURE I1-2
THE TREE-BUILDING PROCESS
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Step 5. The node now closest to the

ome node is node 3 which is 4 minutes
away. Adding the corresponding link
time to nodes 4 and 7 the corresponding
times are 10 and 6 minutes, respectively.
By convention, the node with the Towest
number of those equidistant from the

home node is taken first,

Step 6. The node closest to the home node
is now node 6. The times to nodes 7

and 10 are 6 and 7 minutes respectively.
Since node 7 was reached previously in

6 minutes, there is no time savings via
the route entering on 1ink 6-7. For

this reason the connection is shown in
dashed lines and will not be part of the
tree as can be seen in step 7.

Step 7. Building proceeds from node 9 to
nodes 10 and 13, with respective times
from the home node of 7 and 6 minutes,
respectively. The dashed line indicates
that 1ink 9-10 will not be in the final
tree for the same reason mentioned in
step 6 above.

Step 8. Building proceeds from node 7 to
nodes 8 and 11,

Step §. Building proceeds from node 13,

FIGURE 11-2 Continued
THE TREE-BUILDING PROCESS
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Step 10. Building proceeds from node 10.
The time to node 11 is Tonger than a
previous entry so that Tink 10-11 will
not be in the tree. The time to node 14
is the same as a previous entry so that
1ink 10-14 will not be in the tree,

Step 11. Tree building proceeds from
node 17,

Step 12. Tree building proceeds from
node 8. HNote that the time via node

8 to nodes 4 and 12 are less than
previously.

Step 13. Links 3-4 and 11-12 are removed
rom the tree due to finding in step 12.

FIGURE 11-2 Continued
THE TREE - BUILDING PROCESS
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Step 14, Building proceeds from node 15.

Step 15, Building proceeds from node 12,

Step 16. This is the final tree as built

by the process. To find the minimum time
path between any two nodes, the links are
followed backward from the destination

node to the origin node. For example to

go from node 1 to node 4, the route would be
found by first looking at node 4 and
proceeding to backnodes 8, 7, 3, 2, 1.

FINAL TREE

FIGURE 11-2 Continuved
THE TREE-BUILDING PROCESS
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The Moore Algorithm described has been modified to allow turn prohikitions
to be included in the network as well as time penalties for turns to
reflect conditions on a highway network. These features help in
realistically coding the operation of a network and may result in more
accurate assignment results. Turn prohibitions, however, sometimes result
in unrealistic paths or, in the extreme, no path between two points. The
use of turn prohibitors results, on occasion, in the need for using a node
more than once in the tree building algorithm. This is specifically
excluded in the Moore algorithm as described above. This algorithm builds
paths which are sequences of links with a restriction that a node cannot
be used more than once. A tree records the routings in such a manner that
there is only one entrance 1link to a node and that entrance link is on the
minimum nath to the node.

trees &
vines
contrasted

A recent development in the route building algorithm results in a "vine"
as opposed to a tree. A vine records the routing such that all four Tlinks
connected to a node may be traversed, if necessary, to produce the minimum
path. Whereas the tree is calculated to each node, the vine is calculated
to each of the legs from a node (which are numbered in some sequenttial
manner), This process is shown in Fiaure II-3(a). Outbound links from

a node are called Tegs and are identified by number (0-3 in the FHVA
assignment system). This identification of outbound 1inks is used to
facilitate the use of multiple turn penalties as well as turn prohibitors.
In the following discussion it is assumed that the tree building process
described previously is understood.

Suppose the minimum path between centroid A and centroid B is desired

and the Teft turn on Tink 107-104 is prohibited. Suppose further that the
minimum path to node 104 is via node 107 rather than via node 106 (Figure
II-3(b). Under the tree option, the back node 104 is node 107, and since
the Teft turn at node 104 is prohibited, the only available path from

A to B is via nodes 107, 104, 108, 103, 102, 101, and 105. (Fiaure II-3(c)).

Under the vine option the program will calculate the traveltime to each
leg at node 104. In proceeding from centroid A the vine building process
would build to legs (0) and (1) in proceeding from node 107 to node 104.
Likewise, through node 106 the legs (0), (3), and (2) would be reached.
Therefore, under the vine process, the path from A to B would be via nodes
106, 104, and 105 (Figure II-3(d)) a more realistic path than previously.

A vine records the routings in such a manner that all four links connected
to a node may be traversed if necessary to ensure the minimum path. A vine
is more accurate than a tree, but requires about twice as much computer
time to determine. If many intersections have prohibited turning movements,
or large turning peralties associated with them, vines should probably be
used. Otherwise, trees may be used.

In addition to the Moore algorithm and its variations, other minimum route
approaches have found use in transportation planning applications. The most
widely used of these algorithms are: the Road Research Laboratory algorithm
(RRL); the Shimbel algorithm; the Origin and Destination alaorithm (0-D); and
the Transit Pathfinder algorithm. A short description will point up the
major differences in these.
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As described above, the Moore algorithm computes minimum paths for one
origin at a time with the procedure repeated for each tree required.

The tree is built by successively using the terminal node nearest the
origin of the tree as the next branching node. A1l links connected to the
branching node are added to the tree and their terminal nodes become

new terminal nodes of the tree. It is possible that the first time

found to a node from the origin of a tree is not the minimum time and will
have to be changed sometime later in the computation if a shorter path is
found. For this reason, some iteration is involved in the Moore algorithm.

The RRL algorithm is similar to the Moore algorithm (17). The tree is
formed by successively adding the terminal node nearest the origin of the other

tree but not already on the tree. The links emanating from nodes added minimum
to the tree are entered in a table and their terminal nodes become route

| e

candidates for adding to the tree. The first time assigned to a node is approaches
defined as the minimum time from the origin and no other paths to that
node are considered.

The Shimbel algorithm (17) differs from the above two in that it uses matrix
representation of the network and matrix operations to determine minimum
paths, A1l origin zones are considered in one operation.

The Origin and Destination algorithm is a special formulation of the RRL

algorithm that computes minimum paths between specific oriains and

destinations (17). The algorithm computes from both origin and destination

of the required path simultaneously, thereby creating two paths which join to form
the required minimum path.

The Transit Pathfinder algorithm is a modification of the Moore algorithm (18).
Changes in the Pathfinder algorithm result in the necessity of providing

for the peculiarities found in Transit minimum paths. The details of this
algorithm are discussed starting on page 47.

The Moore, RRL, Shimbel, and 0-D algorithms have been proarammed in FORTRAN
for the IBM 7090 and IBM 1620. This was done at MIT in order to test the
relative efficiencies of these algorithms (17). Six different networks were
used for the test. Tree comparisions were made for the Moore, RRL, and Shimbel
algorithms while single paths were compared for the RRL single path and Origin
and Destination algorithms. The results of this experiment can be seen in
summary form in Table II-1,
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diversion

Table II-1
COMPUTER TIME COMPARISONS FOR MINIMUM PATH ALGORITHMS (17)

NETWORK

TREE SINGLE PATH

NODES LINKS COMPARISONS _ COMPARISONS
" s A%ﬁ?;ggqm Seg?ggs Algorithm Secor.lds3
14 38 Moore & RRL 0.33 RRL 0.076
21 70 RRL 0.37 RRL 0.093
35 98 RRL 0.46 RRL 0.104
84 376 Moore 155 0&D 0.242

366 990 RRL 8.7 RRL 3.1

A summary in diagram form is seen in Figure II-4, showing the optimum
algorithm as a function of the number of nodes, number of 1inks, and the
ratio of 1links to nodes in the network. In general, transportation networks
have link-node ratios between 3.5 and 4.0 which seems to indicate that the
RRL algorithm would be preferable in terms of computer run time.

Computer storage required by the various algorithms was almost the same
except for the 0 and D which required almost three times the storage. Data
storage space was almost identical for all except the Shimbel algorithm
which required 10-20 times the storage, depending on the network. It was
found that the Moore and RRL were convenient to program, the 0 and D less
convenient, and the Shimbel rather inconvenient,

Diversion Techniques - Multi Routes

Initial traffic assignments were made manually to determine the use of a
single proposed facility. These estimates were made considering normal
traffic growth, new traffic induced by the proposed facility, and traffic
"diverted" from other facilities. This diversion considered that some
proportion of automobiles would be diverted from an existing arterial route

to a freeway based upon the relative savings in time, distance, or cost

in using the new facility. The diversion technique required the determination
of the minimum routing between origins and destinations via a route contain-
ing the proposed facility as well as via a route not utilizing the proposed
facility. The travel between each origin and destination would be proportioned
between the two routings based upon the relative impedance values on the two
routes,

One of the more widely used diversion curves was that theorized by Mr. Earl
Campbell (3). A graph of this for urban arterial highways is shown in
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Figure II-5. The curve is based upon relative travel time between the

new facility and the quickest alternate route. The curve shows, for
example, if travel time between two points is equal via a proposed freeway
route and the quickest alternate route, then approximately 48% of the
travel would use the new facility. For a major street facility,

about 35% of the travel would divert. Although the time diversion curve
received wide acceptance, others were developed and used in many
applications.

The state of California developed a function that incorporates both time
and distance savings as the criteria for diversion to a proposed freeway
route as shown in Figure II-6 (5). Each zone to zone movement that may be
a candidate for assignment to a new freeway route(s) must be routed through
the existing street systems and the travel time accumulated for the route.
The total distance for each existing street routing must also be accumulated.
Each zone-to-zone movement must also be routed over the proposed freeway
systems even though the time and distance may be adverse to the routing.
The California time and distance curves consist of a family of hyperbolas.
With equal time and distance on the freeway and on the best alternate
arterial route, 50 percent of the trips are assigned to the freeway. In
Figure 1I-6, the curves are entered with time (tg and distance (d) saved,
and where these values cross, the percent freeway use (p) is obtained,

The Detroit area transportation study developed diversion curves relating
the percentage of freeway use to speed and distance ratios (19). These
curves are also S-shaped for normal conditions. The curves represent a
three dimensional surface with an undefined mathematical relationship.

As can be seen from the diversion curves in Fiqures II-5 and II-6, there

is a diversion to a new freeway route even when the time and/or distance is
longer than the best non-freeway route. Since minimum path algorithms
produce, generally, the single best route, the application of diversion
techniques was not easily accomplished by computer. The approach taken was
to try and "fool" the minimum route algorithm into producinag the two routes
required for diversion. A compliete description of this approach is discussed
in an article by William L. Mertz in the July 1960 issue of Traffic
Engineering magazine (20), To obtain the non-freeway routes, the freeway
[Tnks were eliminated from the network under consideration and trees built

to reflect the non-freeway minimum time paths. Next, trees were built with
the freeways in place but with the times to traverse each freeway link
reduced considerably to "force" the minimum path algorithm to select routes
containing freeway links, although the freeway routes might be actually
longer than non-freeway routes. This process assured obtaining travel time
ratios greater than 1.0 (see figure I1I-5) where there is still some diversion
to the freeway route. The basic problem with the approach was that in many
cases very unrealistic routes were obtained.

Much of the application of diversion techniques via computer considered the
diversion at a point-of-choice rather than between each origin and destination.
These points of choice between an origin and destination are where a route
diverges and converges between a freeway and arterial path. Figure II-7 and
the resuits in Table II-2 show the differences cbtained using an all-or-
nothing approach and a travel time diversion curve (see Figure II-5) between
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an origin and destination or between points of cheice.

TABLE II-2
EXAMPLE OF TRAFFIC ASSIGNMENT DIVERSION

LINK ALL-OR-NOTHING O-g%¥§§$l?? Dlz?§SIO?GBETHE§N
T 2 1.2

1-3 100 100 160

3-4 100 100 100

4-5 100 74 &5

4-9 0 26 15

5-7 100 74 85

7-8 100 100 100

8-11 100 100 100

9-7 0 26 15
11-2 100 100 100

Figure II-7 shows the "best" arterial and the "best" freeway routes from the
standpoint of minimum time (10 minutes and 11 minutes, respectively) from
origin to destination. The points of choice are numbered 4 and 7 with
minimum times between these of 5 minutes by arterial routes and 6 minutes by
freeway routes. The time ratio between 0 and D is 11/10 or 1.1 resulting

in a 26 percent diversion to the freeway route sections (links 4-9 and 9-7)
and 747% to arterial links (4-5 and 5-7). Where a link is on both the arterial
and freeway minimum paths, 100% of the travel is assianed (links 1-3, 3-4,
7-8, 8-11, 11-2). The time ratio between points of choice is 6/5 or 1.2,
resulting in a 15% diversion tc the freeway route links and 85 to the arterial
links (see Table II-2).

Diversion techniques were widely used in the early 1360's, especially before
the use of restraint techniques (discussed in the next section). Their
advantage was a spread of traffic between routes that appeared to be more
realistic than all-or-nothing assignments. Their disadvantages were
considerable increases in computer costs and, upon occasion, unreasonable
results. With the advent of restraint techniques, it was found that restraint
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application was desirable whether or not diversion techniques were used, and,
in effect, restraint techniques do actually result in a diversion between
routes, Likewise, most practitioners do not believe there is a significant
enough difference in results when using capacity restraint to warrant the
extra cost involved in diversion assignments. There is 1ittle application

of diversion techniques in network assignment in today's practice, althouah
its usefulness can be shown for corridor type applications (see Chapter IV).

Through the last decade there have been many attempts to develop a multi-route
assignment technique which would proportion traffic between pairs of zones

in a realistic manner. It is obvious that all drivers between two points

do not take the same route. In assignment practice, the development of a
multi-route procedure is hampered by the ability to produce alternate routes
that are truly different--but reasonable. Most attempts result in alternate
routings to the minimum paths that are small deviations from the minimum

paths rather than truly different routes. A new technique, which determines
a?d assigns to alternate paths, is described beginning on page 38 of. this
chapter.

Capacity Restraint

Capacity restraint techniques are based on the finding that as traffic flow
increases the speed of traffic decreases. Most research into this area has
been relative to highway facilities, but the same holds true for other types
of facilities, such as a very heavily used subway system in New York City.

A considerable amount of work has been accomplished in the area of highway
capacity and is reported in the Highway Capacity Manual published as Special
Report No. 87 by the Highway Research Board (16).

speed-volume There is a relationship between speed and volume on all types of highway
relation = facilities, both for interrupted and uninterrupted flow. On facilities such
ships as freeways, there is a constant decrease in speed with increase in traffic
volume up to a point of critical density (density at maximum flow). Beyond
this point, however, both volume and speed decrease with an increase in
density (vehicles per mile). The situation is similar at interrupted flow
type facilities (i.e. signalized intersections). Here, however, speed is
influenced by external influences such as signal progression, speed Timits, and
the conditions on adjacent sections. Examples of the speed flow relationships
for interrupted and uninterrupted flow are shown in Figure II-8.

The traffic assignment process assigns trips in accordance with impedances

coded on each network segment. These impedances are usually travel time or

some derivative of time. The assignment process results in the traffic load
(volume) on each network segment. Since thare is a very direct relationship
between travel time (or speed) on a section and the volume on the section,

a process is necessary to allow consideration of this relationship. This process
is referred to as capacity restraint. Specifically, the capacity restraint
process attempts to bring the assioned volume, the capacity of a facility,

and the related speed into the proper balance.

There are several problems in the application of speed-flow relations in the

assignment precess. Most important is the assignment of trips for some extended
period of time, such as a day, or for some shorter period, such as a two hour
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period encompassing the peak hours. Most critical flow problems actually
aoccur over shorter time spans. Secondly, the assignment process may load

a facility far in excess of capacity based upon some originally coded speed.
Observed conditions are limited to some maximum capacity. Because of this,
capacity restraint functions are theoretical extensions beyond some critical
capacity point,

Several capacity functions have been utilized. The one used most widely
(FHWA) takes the form:

.
where T

To[1+0.15 (v/C)4 (1)

balance travel time (at which traffic (V) can travel
on a highway segment),

Ty = free flow travel time; observed travel time (at practical
capacity) times 0.87

=
1}

assigned volume

(qp]
[}

Capacity
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Others include that developed by Smock (52 ).

T, =Te WCN

<
A £ where TA "'5T6 (2)

TO original travel time (when volume equals capacity)

TA = adjusted travel time

V = assigned volume

C = computed capacity

e = base of napierian Togarithm

Schneider (52 ) developed a function as follows:

_ (v/C-1)
TA = TO(Z)

T

- (3)
where T, < 4(,T0)

o travel time at free flow conditions and TA’

V & C same as above

The functions produced by the three approaches are shown in Figure II-9.

As can be seen, the functions turn out to be not too dissimilar. Mention
should be made that the Schneider function was specifically developed for
the opportunity model approach. This is a one pass model with 1ink volumes
ranging from zero for the first sequential zone to loaded for the last
sequential zone. This is different from iterative techniques. The
differences in these applicational approaches are described below:

‘ Iterative techniques consist of a successive number of route
iterative selections, loadings, and speed adjustments to obtain a balanced (speed,
assignments  volume, and capacity) load on a transportation network. There are various

theories on which results of the successive runs best approximate actual
conditions., Practice dictates some weighting of the results of the first
3 or 4 runs. Research (51) work into the application of capacity restraint
techniques using the FH4YA function found:
- capacity restraint reduces the overall error in traffic assignment
- it is desirable to apply capacity restraint at least three times
(four loadings)
- reasonable assignments are obtained by using the average of
four Toadings

The application of capacity restraint actually functions in a manner similar
to a diversion type of assignment. Since network segment speeds are changed
during each capacity restraint application, trips between any pair of origins
and destinations may be Toaded on different paths between successive
assignments, Singe the results of each "n" number of assignments are weighted
to obtain the final load, there is a diversion of 0-D movements between
different paths from each assignment. Because of these successive changes

in speeds, careful consideration should be given to their effect on other
models (see discussion beginning on page 93 ).
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incremental
assignmenfs

Incremental Assignments are of two general types: (1) minimum
routes between each pair of origins and destinations are calculated once
and trips loaded once, and, (2) several route building steps and loadinas
must occur during the capacity restraint application.

The first listed capacity restraint technique was developed by the Chicago
Area Transportation Study. In this process trees are built in a randomly
selected order and trips loaded to the built trees. For example, a tree
would be built for some zone(s) and trips loaded for this zone(s). The

base travel times on the individual network segments would then be adjusted
using some capacity restraint function and trees built for another

randomly selected zone(s) and corresponding trips loaded. This process
would continue until all zone to zone trips were loaded onto the system,

The advantage of this technique over the iterative approach or the next type
of incremental approach to be discussed is that trees are built only once
and trips loaded only once, thereby greatly reducing computer costs. The
disadvantages include the variability in results depending upon the order

of zone selection and the loss of a "diversion" effect between pairs of zones.

The second type of incremental Toading, developed by Control Data Corporation
(21), overcomes the above disadvantages but at the cost of requiring

several tree building and loading steps. In this method, minimum path trees
are built using the travel time provided for the original network, Each
network segment is Toaded with the first increment of all zone-to-zone
movements passing through it. This increment is some percent of total trips
(say 20%). Each network segment is then adjusted based on a capacity
restraint function (with the increment Toaded on each segment factored to
100% for the calculation). A new increment of total trips is then assigned
(say 40% of total trips). This increment is added to the first increment
(20%) and factored to 100% to obtain a new set of network segment speeds for
the next assignment. This continues until 100% of all trips are loaded.

Most applications of capacity restraint assignments rely upon one capacity
restraint function; although, several computer systems for capacity restraint
allow application of different functions for different types of facilities.
Research is currently underway to develop and test the use of capacity restraint
functions for different types of facilities as well as to determine if such
capacity restraint functions are related to city size and system related
characteristics.

Multi Route Probabilistic Assignment

A recent development which holds some promise in the area of multi-path
assignment uses a probabilistic approach to try to circumvent the path
enumeration problem. This approach was developed by Robert B. Dial of

Alan M, Voorhees and Associates, Inc., and reported in the paper "A
Probabilistic Multipath Traffic Assignment Model Which Obviates Path
Enumeration” (12). A working computer program of the approach is available
in the FHWA transportation planning package for S360 (15). As of this date,
no full scale application allows comparison of results with the more historic
all-or-nothing assignment technique.
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The technique is a two pass Markov Model in which node/1ink transition multi-path
probabilities are calculated in one (forward) examination of the network assignment

and trips are assigned in a second (backward) examination. The assignment
consists of diverting trips entering a node to all reasonable Tinks
beginning at the node. The model never explicitly examines a path and, on
this basis, is a computationally efficient multi-path approach.

The model developed has the following features:

- The model gives all "reasonable" paths between an origin and
destination some probability of use, and unreasonable paths
receive no use.

- A1l reasonable paths of equal lenath receive an equal
probability of use.

- When there are several reasonable paths of unequal length, the
shorter has the highest probability of use.

- The user has some control over the path diversion probabilities.

- The assignment algorithm probabilistically diverts trips at each
node encountered to the competing 1inks entering the node,

There are several ways to define a "reasonable" path. For the operational
model available, a reasonable path is one which, as it proagresses from node

to node, gets further from the origin. A path is efficient if every link in

it has its initial node closer to the origin than its final node., Figure II-10
is an example of all reasonable paths from a common origin node 1 (referred to
as a "bush"), The time to the left of the node number in circles is the

2 4
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FIGURE 11-10
EXAMPLE OF ALL REASONABLE PATHS FROM A COMMON ORIGIN(12)
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minimum time path from node 1. The link between nodes 8 and 13 is
not in the bush since both ends are 6 minutes away from the origin
thus not fulfilling the requirement of a reasonable path.

The approach assigns all trips originating at a given node to all

efficient paths in a single execution of its assignment algorithm.

This results in a model with good computational efficiency. The

computer running time is approximately two times that required by an
all-or-nothing assignment using conventional traffic assignment approaches.

There are three 1ink determinations to be made in calculating the
volume using a Tink. These are:

Link Likelihood of Use = a[e] = ePAt (4)

Where: [e]

Tink [is3]

e = base of napierian logarithms
8 = diversion parameter
at = difference between minimum time path

time to the node and the time via another
reasonable path

t = MJ- ""I\4-i -r‘t
minimum time to node j

minimum time to node i
time to traverse Tinkiw.j

where: Mj
M5
M

If At = o, then the 1link 1-j is on the minimum
time path. [If M; is greater thanij, then
1ink i-j 1is not on a reasonable path and has
a zero likelihood of use.

(note: ale] = 0 if 1ink not on a reasonable path)
Link Weight = W [e] = a [e] * 2W [e'] (5)

e' considers the link end closest to the origin and
the links connected at that end

The equation is applied in proceeding outward from an origin
node in the bush buildina process.

(note: if at the origin node wlel] = a [e], then:
Trip Volume x [e] =y [4] * W [e]/w[e'] ) (6)

[e'] considers the 1ink end closest to the destination
and the 1inks connected to that end

y [J] = number of trips terminating at j
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This equation is applied after equation (5) is applied to all Tinks in
arriving at the destination. Equation (6) is then applied until the
origin is reached. In other words, two passes are made. In the first,
link weights are calculated from an origin to all destinations. Then,
volumes are assigned backwards from the destinations until the origin
node is reached,

An example will best indicate the process for a probabilistic assignment.
Figure 1I-11(A) shows the network under consideration in this example.
Figures II-11(B) and (C) illustrate how trees could vary. The differences
are caused by being able to reach nodes in equal time by more than one
route.

Y 2 - 2\ 2
q) 2) \$— @

e

2 2 2 2
(5} . <é> = (2> = <§) (X NODE NUMBERS

¢ . 2 * X TIME TO TRAVERSE LINK
O——O——O—®

2 2 2 2

FIGURE II-11(A)
EXAMPLE NETWORK TO ILLUSTRATE THE PROBABILISTIC ASSIGNMENT PROCESS(12)
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FIGURE 11-11(B)
MINIMUM TIME PATH-TREE(12)
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It should be apparent that there are other routes to many nodes
with the same elapsed time as those shown in Figure "BE". For example,
another set of paths to the nodes of the network above might be as follows:

0 2 4 6

= = -

Y Y Y
6 7 8 9

FIGURE 11-11(C)
ALTERNATE MINIMUM TIME PATHS

Also, there are other paths to nodes via a longer than a minimum path that
sti11 might be reasonable and should have some traffic assigned. One such
set might look as follows:

0 2
X = REASONABLE ROUTE TIME ——
(X) = MINIMUM ROUTE TIME -——
4
()
@ 6 T 8
T GED WD WEP SR T GEED R S S BN S S -q
(5) (6) (7n
|
|
|
10
(9)

FIGURE 11-11(D)
REASONABLE TIME PATH(12)
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i X = MINIMUM TIME TO EACH
|

FIGURE I1-11(E)
ALL REASONABLE TIME PATHS-BUSH(12)

Figure "E" represents all "reasonable" paths between origin node 1 and
destination node 16. If these paths are compared to Fiqure "B", it

can be seen that the criterion for "reasonable" paths has been observed
(i.e., as the path progresses from the origin, the minimum time to a node
increases). Also, note that all links on reasonable paths have their
entrance node closer to the origin than their final node.

The equations presented above will now be apnlied to the network to ilﬂgﬁj
obtain traffic loads. The results obtained are shown in Table II-3. EAUpIT
The exponent 8 is assumed equal to 1. For any node arrived at where the

entry link is on a minimum time path (At = 0), the 1ikelihood of use of

the 1ink a[e] is equal to 1. For any node arrived at where the entry

link is not on a minimum time path, there is some at (the difference

between arriving on a minimum time pa%h and the time on the path in question).

For these Tinks, a [e] is equal to e®“., As bush building proceeds all

ale] values are calculated. For example, in the presentation above, node

10 can be reached on a minimum path in 5 minutes.

Node 9 can be reached by some minimum time path in 4 minutes. The time
to traverse link 9, 10 is 1 minute. Therefore:

At=(5-4-1)=0
Hence the Tikelihood of use for link 9, 10 is
a[9,10]=e8 2 t=e1 (0
The same calculations for link 6, 10:
at=(5-4-2)=-1
and a[6,10]=el (-1)=¢"'=1/e=0.37
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TABLE II-3
Example of Probabilistic Assignment Results

(Trips from 1-16=1000)
(REFER TO FIGURE II- 11A)

UNRESTRAINED
On Likelihood Link Link
Link (e) Minimum of Use Weight Volume A1l or
Time Nothing
i node j node Path At a [e] wle]l x [e] Volume
1 2 0 1 1 208 0
1 5 X 0 1 1 792 1000
2 3 0 1 1 0 0
2 6 0 1 1 208 0
5 6 0 1 1 209 0
5 9 X 0 1 1 583 1000
3 4 0 1 1 0 0
3 7 0 1 1 0 0
6 7 0 1 2 0 0
6 10 -1 0.37 0.74 417 0
9 10 X 0 1 1 564 1000
9 13 0 1 1 19 0
10 11 X 0 1 1.74 892 1000
10 14 0 1 1.74 89 0
4 8 0 1 1 0 0
7 8 0 1 3 0 0
13 14 -1 0.37 0.37 19 0
11 12 X 0 1 1.74 652 1000
11 15 0 1 1.74 240 0
12 8 -1 0.37 0.64 0 0
12 16 X 0 1 1.74 652 1000
14 15 -1 0,37 .78 108 0
15 16 -1 0.37 .93 348 0
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To obtain the link weights w[e], the 1ink Tikelihood a[e] is multiplied
by the sum of the link weights of the links entering the end of the
node closest to the origin as follows:

O—@

Wle]
_EE;:D 11 to obtain the link weight for link
6-10, the Tink likelihood value is
e o multiplied by the sum of the link
weights of link 5-6 and 2-6. The
Alel 1ikelihood value is 0.37. The
1-1 weight is 0.37(1+1)=.74

(O—9

This process is continued until the destination(s) is reached, After this
is completed, the calculation of the link volume can proceed. This process
starts at the destination end. The total number of trips at each node

is proportioned to the corresponding links in relation to the link weights
of the links entering the node. For example, the load on links 15-16 and
12-16 of the above network are calculated as (see Equation 6):

. 93
Tink 15-16 = 1000x— = 348
L T 75+ 93
link 12-16 = 1000x_1.74 = §52
1.74 + .93

Now the load leaving node 15 is known so that the 1ink volumes on 11-15
and 14-15 can be calculated. This continues back towards the origin node
until it is reached and the process is completed.

As can be seen from Table II-3, there are a greater number of 1links loaded
than with an all-or-nothing conventional assignment. However, if capacity
restraint were used and loads weighted for a number of iterations, there
would probably be additional 1inks loaded indicating a "diversion" between
links. For STOCH , the diversion between paths can be controlled by the user
by varying the 8 values. Figure II-12 shows the effects of variations in O.
The Tower the value, the greater the probability of using the given path.

The assignment technique described above is one of the more promising
approaches in multipath assignments. The improvement in results versus
all-or-nothing techniques using capacity restraint must be studied in more
detail especially since this probabilistic approach will also probably
require some capacity restraint function to account for the relationship
between speed, volume, and capacity. Also, it should be understood that
STOCH may be used with capacity restraint also, and does not have to be used
in the single multi-path assignment mode. It can be used iteratively in

an incremental loading mode.
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TRANSIT NETWORK ASSIGNMENT
Special Considerations

Traffic assignment computer systems developed basically for highway
networks have been applied to transit system assionments. These
applications have often been deficient because of several major
differences between highway and transit analysis. These differences fall
into three distinct areas:
- Need to consider several lines of a transit system operating
on a single 1link
- HNeed to handle special characteristics of a transit system,
such as, passenger waiting time and transfer time
- Need for summary statistics that are transit oriented

UMTA Transportation Planning System

A single comprehensive Public Transportation Planning System has been developed,
known as the UMTA Transportation Planning System (UTPS) (7). This system
consists of a battery of programs that can be arouped into three cateqories:

- Network Analysis

- Modal split model development and application transit
- Passenger loading assignrent

The basic feature available in this system that is not available in the
highway developed assignment programs is the facility to more easily describe
transit 1inks. In addition to time and distance on a link, other descriptors
utilized in the process include: maximum and minimum headways, auto
connectors and walk links, several transit modes, and many transit lines for
each mode., Output from the system includes: (1) volumes on walk and auto
connector links; (2) a summary of mode-to-mode transfers; (3) total trips
assigned; (4) loads by Tine between stops; (5) passengers off and on at each
stop; and (6) summaries of passenger miles, passenger hours, and peak loads.

A description of network coding should indicate the special advantages in
coding as compared with highway oriented assianment packages. Generally,

the network coding procedures for the UTPS package are not too different than
for the highway oriented packages. The differences are:

- Each transit line can be identified separately throughout the
coding and transit analysis.

- More than one Tink is allowable between two nodes. Five of
the 1inks may have up to 31 transit lines.

- Nodes are coded only where there is a transfer possible between
two or more transit lines. Links on a transit network may be
as long as 25.5 miles.

- Line cards are coded in addition to link cards to allow inclusion
of transit specific characteristics. The transit line is defined
as the route or path of a particular type of transit operation
distinguished by a transit company number, a mode category, a
set of headways, and a sequence of nodes of transfer points
through which the Tine passes.
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An example of the mode categories that may be considered (these may be
varied within the 1imit of eight modes) by the transit assignment are:
Non transit categories
Walk to transit
Auto connector
Other non transit
Transit cateaories
Surface transit
Express surface transit
Other surface transit
Rapid transit
Commuter railroad

In addition to the major features of the UTPS package relative to transit
assignment, there are major advantages in the minimum route algorithm.
Analysis of the deficiencies and economics of a proposed transit system
require knowledge of the path of passengers travelling between any two
points of the system. This path is best approximated by the minimum weighted
time path, where the times to traverse various link types are weighted to
reflect differences in the values the transit user places on the time spent
walking, waiting, or riding by various modes. Transit system analysis has
been severely handicapped by the lack of an algorithm that copes with the
aforementioned problem while allowing sufficient size to permit a detailed
description of the transit system. There has also been a deficiency in
existing algorithms to handle such transit parameters as waiting time and
transfer time.

The important characteristics of the pathfinder program for calculating the
minimum route paths in the transit network are:

- The transit network is input as two items (a) link description
similar to existing transportation networks, and (b) a line
description which resembles a bus schedule or train timetable.

- The network is stored as a set of "trunk-line links". Each
trunk line is defined as (a) a pair of nodes, (b) a time,

(c) a mode, and (d) a set of line numbers reoresenting all
routes traversing the link in the given time via the given mode.
The trunkline description reduces computation time and increases
the size of network that can be input.

- Transfer penalties do not have to be coded into the network but
are determined by the program based on relative frequencies of
operation, '

- Restraints can be placed on the minimum paths such that specific
mode-mode transfers are prohibited, maximum number of transfers
i?Tlimited, and maximum and minimum wait and transfer time are
allowed.

The basic assumptions of the algorithm are:
- the time to traverse a trunk line is constant
- the time spent waitina to transfer is satisfactorily approximated
by one-half the inverse of the frequency of the recipient line(s).
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Use of Highway Package

Where a significant amount of transit analysis is to be undertaken use of
the UTPS package is well worth investigation. Input preparation is

simpler and the system may be more realistically portrayed than if a

highway package is used. Output reports are more specific and descriptive
than those available with highway oriented systems. Where transit analysis
is not a significant problem, say in small and moderate urban areas, the
practitioner may find it more desirable to apply the computer system being
used for highways based upon his experience with it and the relatively minor
extra work in system development for computer application and review of
assignment results.

Transit networks can be considered as a special form of the "traditional"

link-node highway network but require special handling during coding. The highway
major difference is that individual 1inks are not completely independent assignment
in a transit network. A bus Tine or rail route, composed of many 1inks, ackage
actually has certain special properties. One of these properties is that applied to
a passenger tends to remain on a single transit facility for as long as transi
possible (to reduce the number of transfers) whereas an auto driver is free

to weave through a system of Tinks and nodes with almost no restrictions.

Restricted transfers are caused by several factors: (a) transit fares,

(b) transfer waiting time, and (c) limited number of transfer points. It

is necessary when dealing with transit networks to account for the penalties
incurred by transfers and also to 1imit the number of transfers made

between origin and destination.

In order to account for fares imposed on a transit line it is necessary to
code entrance and exit penalty links, where half the fare is imposed at each
end of the Tine segment. These penalty links can also contain a value to
account for waiting time. The penalty for waiting time is based on vehicle
headways and is usually no agreater than half the headway. Per-mile type
fares are prorated over the individual Tinks on a transit Tine to restrict
transfers. It is necessary to code transfer 1links that account for time lost
transferring, extra fare costs, waiting time, and general passenager
inconvenience,

There are several problems inherent in the above approach:
- The number of extra links required quickly becomes large, meaning
additional costs for computer time and subsequent analysis.
- Calibrating the network can be quite difficult
- The network can not be easily adjusted to account for several
transit lines that utilize common network Tlinks.
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DIRECT TRAFFIC ESTIMATION
Direct Assignment Formulas

Traditional assignment approaches have been highly computerized over the
last several years and, along with other planning tools, allow the testing
and evaluation of alternate transportation systems. The techniques of
trip generation, trip distribution, and traffic assignment are based on
the direct relationships that exist between travel and land use character-
istics. For testing of alternative systems and development of volumes
useful for stage planninag and design, the computer traffic assignment
approach is applicable. However, there is another Tevel in the long

range planning activity where a short cut, less accurate, technique would
be useful. This is in the area of plan formulation (sketch planning) and
evaluation of possible alternates for detail testing and evaluation. Here,
"correct order of magnitude" estimates of traffic volumes are acceptable -
with more detailed and accurate assignments made at a later stage.

Morton Schneider, while with the Chicago Area Transportation Study, developed
a short-cut method which could manually be applied in estimating volumes on

a street system (22). These estimates are made for local streets, arterial
streets and expressways. The formulas developed are based upon the relation-
ship between traffic volumes on the various levels of facility and: 1) the
spacing of the facilities by type; 2) the trip destination densities in the
region for which the estimates are being made: and 3) the mean trip length
for vehicles using the system.

The Schneider equations are as follows:

vy = er/2[(1/27)+(1/ )K2,/7(21-13))] (7)

Vy = ZVy/F (8)

V3 = V,Z5/(Z,-Z,) (9)
where e = Trip destination density (trip destinations/sq. mile)

v = Average trip length

V1 = Volume on expressways

V2 = Volume on arterial streets
V., = Volume on Tlocal streets

Zy = Expressway spacing (miles)
I, = Arterial spacing (miles)

Z3 = Local street spacing (miles)
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The use of these equations will be illustrated by the following example:

The reader, if interested in the above approach to "getting a handle on

assume an area with:

e = trip destination density = 10,000

i"

average trip length = 6 miles

1

Z] expressway spacing = 5 miles

22= arterial spacing = 1 mile

Z3= local street spacing = 0.5 miles
then:

V.= 10,000(6)/2(1/5 + 1/6(5-0.5))

60,000/.808 = 74310 veh/day
v
2

V3= (0.5/5-0.5)(12385) = 1376 veh/day

1

1/6 (74310) = 12385 veh/day

traffic volumes" for various densities and spacing, is referred to
Schneider's article "A Direct Approach to Traffic Assignment" (22).

Several assumptions are made in the development of the previous equations
which are fully explained in the article.
region for which trip estimates are made is very large, square, and has a
constant trip density per square mile.
reminded that average spacing for such a condition can be calculated from

the formula:

For example, if there were 100 miles of freeway in a large region of say
1000 square miles, the average spacing would be 20 miles.

The Upstate New York Transportation Study has developed a set of tables for

Z = 2A/g

where: Z = spacing

A
£

area of region

The basic assumption is that the

In obtaining spacings, the user is

(10)

length of facilities in region in miles/square mile.

direct

assignment
example

various combinations of spacing and trip length using the Schneider equations

(23).

In addition, calculated travel costs per square mile based upon

spacings, volumes, and vehicle operating costs, time costs, and accident costs

are included,
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TABLE II-4

VOLUME AND COST WHEN TRIP LENGTH = 6 MILES; DENSITY = 1,000 TRIPS DESTINATINNS/SQUARE MILES

(23)

LOCAL STREET SPACTING = 0,5 MILES

ARTERIAL SPACING EXPRESSWAY SPACING IN MILES
IN MILES i 2 4 5 é 7 [} 9 10
0.2 EXPR.
ART.
LOCAL
caosrt
0.4 EXPR.
ART.
LOCAL
cosr
0.6 EXPR. 24195 4,091 54556 4,738 TeTl4 84534 9,233 9,836 10,361 10,823
ART. 220 409 556 674 171 853 923 984 1,036 1s082
LOCAL 220 136 11 9¢ 8é 18 71 66 61 57
cosv 460 458 470 481 490 499 506 512 518 523
0.8 EXPR. 2,093 3,971 85,022 6597 7+570 8,390 9,090 94695 10,223 10,688
ART . 219 529 723 880 1,009 1el19 1e212 1,292 19363 Le425
LocaL 219 116 145 126 112 102 93 86 80 5
cosT 417 469 419 468 497 504 511 517 522 527
1.0 EXPK. 2,000 3,057 54294 6y462 Te431 8,250 8,951 9,558 10,088 10,556
ART. 333 643 882 077 19239 L2375 Le492 19593 1,681 Lo 759
LOCAL 3313 214 17&6 154 138 125 115 106 99 93
CosT ‘493 480 487 495 503 510 516 521 526 530
o2 EXPR. 3,750 5,172 6,332 1,297 8,115 8,816 9,424 9,957 10,427
ARTa 750 1,034 1,266 be459 14622 lei63 1,885 19991 2,065
LOCAL 250 207 181 162 148 13e 126 17 110
casrt 490 495 502 509 515 521 526 530 534
Lt EXPR. 3,649 5,056 64207 T.168 70984 8,685 94294 9,829 10,301
ART. as1 1:180 le448 T RE] 1,863 2,027 2s169 24293 20404
LOCAL 284 236 207 186 169 156 145 135 127
cosr 499 503 509 515 521 526 530 534 538
Leb EXPR. 3,553 41945 6,087 7,043 7,857 8,558 94168 9704 10.179
ART . 947 1:319 14623 1,878 2,095 24282 20445 2+588 2:714
LOCAL 316 264 232 209 1%0 176 163 152 143
cosT 508 510 515 521 526 530 534 536 541
2.0 EXPR. 3,315 4,737 5,860 6,807 Tebl5 8,315 8,926 LT 9s942
ART . Ael25 L¢579 19953 242069 2,538 24772 2:975 3,155 3,314
LOCAL 315 31é 279 252 231 213 198 186 174
CosT 525 524 527 531 535 539 542 546 548
2.5 EXPR. 4,500 5,600 6,532 T.333 8,029 84640 9:180 9.661
ART. 14875 2,333 2,722 3,056 3,346 3,600 3,825 4,025
LOCAL 3715 333 302 278 251 240 225 212
CosT 540 541 544 547 549 552 554 557
3.0 EXPRe 4,286 59362 64279 7,071 TeT63 8,372 8,913 9396
ART. 24143 2,681 3,140 3,538 3,882 44186 4,456 4,658
LOCAL 429 383 349 321 299 279 262 241
cosvy 554 554 555 S57 559 561 563 564
3.5 EXPR. 5143 6,045 6,828 74514 8,120 8,660 9y 144
ART. 3,000 3,526 3,943 4,383 4,737 5,052 L PEEL
LOCAL 429 392 362 337 316 297 281
cost 566 566 567 568 569 571 572
4.0 EXPH . 4,941 5,827 6,600 1,280 71,8823 Br422 8:9006
ART. 3,294 3p0485 4,400 4,853 54255 5;613 %9937
LOCAL 47L 432 400 3713 350 330 312
cosTt 376 376 376 $I7 ST? 378 3719
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The tables are extremely useful for general planning on a preliminary
basis. For example, say the local street spacing in an area is 0.5 miles
and the arterial spacing is 2.0 miles and the planner is interested in
determining freeway spacing such that the average daily traffic will be
no greater than 90,000, If the trip density is 10,000 trip destinations/
square mile, all volume estimates would be multiplied by 10 (table based
upon a density of 1,000 trip destinations/square mile), Review of the
table will indicate an expressway volume of 89,260 at a spacing of 8.0
miles. If the region under consideration was 1000 square miles, the
length of expressways would be 250 miles (from Equaticn (10): Z = 2Ax ).

“he above technique is not offered as a replacement for computer traffic
assignments to a detaiied network which is more specifically oriented

to actual system geometry and the detailed demands provided by origin-
destination trip movements within portions of a region. However, the
Schneider approach provides a tool which may be used to aid in the

development of alternative systems and in the pre-evaluation of alternative

density patterns,

Some recent work accomplished for the FHWA has resulted in improvements to

the Schneider approach (24). The new approach (Schneider-Scott Direct

Assignment Model) considerably improves the results obtained as can be

seen from Table II-5. The Schneider formulation tends to over-estimate
TABLE 1I-5

COMPARISON OF VMT ON FREEWAY ESTIMATES

SCHNEICER VS SCHNEIDER-SCOTT METHOD (24)

use of
direct

assignment

aid to

system
development

SCHNEIDER
TEST AREA ACTUAL DATA METHOD SCHNEIDER-SCOTT METHOD
Buffalo 16.4 271 19.3
Chicago 10,1 133 11.4
Pittsburgh 8.6 113 9.2
Louisville 32,2 39.6 32.1
Hartford 18.8 27.9 26.5
Bridgeport 41.6 41.0 38.6
Tucson 16.¢ 14.0 13.6

expressway use whereas the improved approach more closely matches actual
conditions. Table II-6 presents the new model's calculations for various
combinations of ramp spacing, trip length, and facility spacing.
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TRIP LENGTH

IHCOO21 STap

2 CMS NN FWY

RAMP SPACING

RAMP SPACING

RAMP SPACING

RAMP SPACING

RAMP SPACING

RAMP SPACING

RAMP SPACING

]

Table 11-6

SCHNEIDER - SCOTT TABLES (24)

64.9

6447

64,2

62.7

62.5

62.0

VE

VE
VE

VE

VE
VE

VE

VE
VE

VE

VE
VE

VE

VE
VE

VE

VE
VE

VE

=132810.

37209.

= T73859.

=11245T7.

= 35201.
= 69726.

=109228.

= 33334,
= 66095,

=106302.

= 28233,
= 56278.

= 83768,

= 26966.
= 53635,

= 79781.

= 258B08.
= 51336.

= T76295.

DENSITY = 15000,
VA = 24760. VL

DENSITY = 5000.
VA = 6501, VL

DENSITY = 10000,
VA = 13095. VL

DENSITY = 15000.
VA = 19363, VL

DENSITY = 5000.
VA = &8318. VL

DENSITY = 10000.
VA = 13738, VL

NDENSITY = 15000.
VA = 19904. VL

DENSITY = 5000.
VA = Tl42, Vi

DENSITY = 10000.
VA = 14398, VL

DENSITY = 15000.
VA = 20395. VL

DENSITY = 5000
VA .= 4917, VL

DENSITY = 10000.
VA = 9878, VL

DENSITY = 15000
VA = 14972, VL

DENSITY = 5000.
VA = 5219. VL

DENSITY = 10000.
VA = 10509. VL

DENSITY = 15000.
VA = 153724, VL

DENSITY = 5000.
VA = 5496, vL

DENSITY = 10000.
VA = 11058, Vi

DENSITY = 15000.
VA = 16756, VL

656.

219.
437.

556,

219.
437,

656.

219.
437.

650,

219.
437.

656,

219.
437.

656.

219.
437.

656.

SE

SE
SE

SE

SE
SE

SE

SE
SE

SE

SE
SE

SE

SE
SE

SE

SE
SE

SE

5445
4T.6

30.6

54.9
4845

35.1

55.2
49.3

37.0

56.0
51.2

45.2

56.2
51.7

46.2

56.3
52.1

47.0

SA

SA
SA

SA

SA
SA

SA

SA
SA

SA

SA
SA

SA

SA
SA

SA

SA
SA

SA

30.5
29.7

15.1

30.4
29.6

L1:5

30,4

29.5

30.6
30.1

29.5

30.6
30.0

29.4

30.6
29.9

29.3



Tne portion of the table shown is for a trip length of 7 miles. "% CMS

on Fwy" is the percentage of capacity miles of the arterial system that is
on freeways. "% FVMT" is the percentage of freeway vehicle miles of
travel on the arterial system. "VE" is the expressway volume, "VA" other
arterial volume, and "VL" local volume. "SE" and “SA" are the expressway
and arterial speeds, respectively. In using these tables, the data and
other input decisions for entry are the trip length, percent of capacity
miles on the freeway, ramp spacing, and trip destination density. The
output consists of the speeds and volumes.

Direct Traffic Estimation Method*

The Tri-State Regional Planning Commission has developed a computer
approach which deviates considerably from the traffic assignment procedures
discussed previously, although there are significant similarities. The OTEM
most significant differences from the more traditional assignment techniques
described are:
- A trip end density surface is the travel input rather than
and origin-destination trip matrix.
- Trip distribution and assignment are handled as a single process.
- Traffic estimates can be made for a single Tink, for a group
of links, or for an entire network. The traffic estimate is
made on a link by T1ink basis with each 1ink's volume estimate
being an independent assessment based upon the geometry and
spacing of the network and the array of trip ends.

The Direct Traffic Estimation Method (DTEM) is based on the premise that
the traffic volume at a point on a highway network is dependent upon the
trip generating potential of the surrounding area and the access of the
point in question, The trip generation potential is expressed in terms of
vehicle trip ends. Access is considered to be a function of travel time,
distance, and tolls,

The mathematical derivation of the DTEM will not be presented (9). Here,
an attempt will be made to provide sufficient information to allow an
understanding of the approach.

The volume at a point in a network is equal to the product of three factors:

Volume =(%ccessib1]1t%> X Ba]ancé) X (%ompetitive
Index Factor Factor (11)

The accessibility index is based upon the location of the point in question
relative to trip ends surrounding it. Trip ends to the DTEM are provided on

* Most of this section has been obtained from Interim Technical Reports
developed by the Tri-State Regional Planning Commission,
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a grid basis.* It should be pointed out here that the grids closest to
a point in question are smaller than those further away based on the idea
. that the effects of distant land use characteristics are less than the effects
DTEN of close-by characteristics on the volume of a facility. Referring to
approach Figure II-13, a tree (minimum path routes) built from the point in question
results in two branches, one passina through the north end of the 1ink for
which volume is to be estimated, and one passing through the south end.

The size of these north and south accessibility indices in terms of their
portion of the total accessibility index, affects the volume estimate.

A function relating these accessibilities is referred to as the "Balance
Factor". The above two terms (Accessibility Index and Balance Factor)

assume that the 1ink in question is the only 1ink crossine the "domain"
boundary (see Figure II-13) line. To account for other 1inks, the competitive
factor is introduced.

The Accessibility Index is calculated in terms of integral values. An
integral value I is calculated based upon the following formula for each
grid relative to the point for which traffic is to be estimated.

I = f(Cn+Ca) + TE (12)

a function of total cost between the traffic
estimation point and the grid for which I is
being calculated.

where f(Cn+Ca)

Cn = cost of travel on coded network

Ca = the approach cost, used to approximate the cost of
travel on roadways which are not coded in the highway
network.

TE = the number of trip ends in the grid.

An I value is calculated for each grid, and the summation of all I's is
equal to the accessibility index.

In computing the minimum costs, a tree is built to provide minimum cost paths
from the point in the network for which the volume is being estimated to some
representative point (load node) within each grid. Figure II-13 shows the

tree built for a point in the network. The tree has two main branches. A1l
grids associated with the upper branch are considered to be in the "North

Main Domain" and those below in the "South Main Domain". If I values were
summed by domain we would obtain an In and Is. If, as is shown in Fiqure II-13,
the Tink in question were the only one crossing the main domain boundary, the

* Work is currently being done under contract to investigate the applicability
of the DTEM to an arbitrary (traditional zones) geographic analysis unit
system rather than a uniform grid system, and to smaller urbanized areas,
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5T



DTEM

formulation

DTEH

examp le

the volume on the 1ink would be expressed as:

Volume = Q = 2 In Is/(In+Is) (13)
= (In+Is)[2/ In [ 1s
. (In+1s )L i Intls J ( In+ls ) ! (14)

where (In+Is) is equal to the accessibility index described above.

The right hand part of the above equation,

2{In \ (Is

\In+Is | {In+Is )

is the "Balance Factor" indicating the effect of the main domain integrals
on the Tink volume. If In and Is are equal, the balance factor is equal to
0.5. This becomes smaller as the difference in In and Is becomes larger.
If the Tink in question was the only one crossing the main domain boundary,
its volume would be estimated by:

Volume = (Accessibility Index) x (Balance Factor) (15)

Generally, the link in question will not be the only one crossing the main
domain boundary. To account for the effect of competing crossings a
"competitive factor" is considered. If minimum cost trees are built from
each of the competing links (1inks on the main domain boundary) those nodes
(grids) that are closer to the link in question can be determined. These
load nodes define sub-areas of the main domains and are called "North" and
"South Prime Domains". This is illustrated by Figure II-14 which shows
that node A Ties within a prime domain while node B does not.

I values can be summed for the prime domains to obtain I'n (integral value
for north prime domain) and I's. The competitive factor can then be expressed
as:

competitive factor = L X (I'n + I's) (16)

2 {In Ts7)
Putting this all together, we obtain the DTEM formulation.

Q=(%+IJ(2 EID ) E Ls ))T (££+i$>“”
— In f I§ I f Iy il Iﬁ " ISHHJ
\ : Y

or
A

Volume = (Accessibility Index) x (Balance Factor) x (Competitive Factorl
An example will indicate the operation of the model. The example and descrip-
tion above do not present all the detail associated with the Model. For more
complete information, the reader is referred to the Interim Technical Reports
of the Tri-State Transportation Commission (25). Figure II-15 presents a
test network showing 16 grids, the main domain boundary and the prime domain
boundaries. For the cost function. a Bessel function of the form a£x- €{Kc+alx)ds
is used, This was decided upon as best by Tri-State although otherfunctions
nay be used. Shown for the test network are the trip ends for each grid, as
well as the cost from the Tink in question to each grid via the
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GRID# HOME LINKX) £(CNST) TRIP ENDS
1 40 .40 1000
2 25 .50 1500
3 15 .60 5000
4 25 .50 2000
5 15 .60 1000
6 10 .70 3000
7 10 .70 4000
8 15 .60 1009
9 25 .50 2000
10 15 .60 3000
11 10 .70 2000
12 15 .60 1009
13 30 .45 3000
14 25 .50 2000
15 25 .50 1000
16 35 .45 2000

Figure II-15

Sample Network for DTEM Calculations
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minimum cost path. The values of I in the Figure are calculated as the
trip ends times the cost function.

The following values can be determined: DTEM

In = 11250 _)ﬂnP__]E
Is = 9550

I'n = 8650

I's = 2900

Accessibility Index = zI's = In + Is = 20,800

n

Balance Factor = (2 » In/(Intls) * I¢(In+Is) )

2 + 11250720800 - 9550/20800 = .497

Competitive factor = 1/2(I'n/In+I's/Is) = 1/2 T,ff_g_gg_ Tb'g%‘) .536

"

(Accessibility) x (Balance) x (Competitive)
( Index ) (Factor ) (  Factor )

Volume

20800 x .497 x .536 = 5540

The DTEM is computerized and currently being used by the Tri-State Regional
Planning Commission. Calibration of the model is necessary as is true with
other planning models. Tri-State chose vehicle miles as the control for
calibration. The "a" value in the Bessel function shown above must be
determined in the calibration process. Values which must also be set are:
Approach costs. This is the travel cost assigned to the
linkages between the density cell and the load node

Vehicle operating costs

Travel time cost

Toll costs

To increase computer efficiency three levels of facility were coded by
Tri-State. The Level 1 system includes all limited access roads. Level 2
highways include other important routes and, as a minimum, bisect the spacing
betweert Level 1 facilities inside the Cordon Area. Level 3 facilities include
everything else that was inventoried and are generally limited to the Cordon
Area, Approximately 30% of the coded mileage within the Region is Level 1,
30% Level 2, and the remainder Level 3. Likewise 4 trip and density grid sizes
are used: quarter square mile, square mile, four and sixteen square miles.

In calculating the integral values close to the point for which an estimate

is being made, all three levels of system are considered and the minimum

cell sizes coded are used. As the calculation proceeds to more distant cells,
Tess network detail and larger trip end cells are used.
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In its current form, use of the DTEM to calculate the volumes on all

links in a network takes considerably more computer time than use of the
assignment procedures discussed previously. However, if significant
testing within small areas of a region or within corridors is expected,

and a large region is under study, the ability to calculate volume on
individual Tinks may result in a cost saving. It is too early to offer any
comparisons of results from the DTEM as compared with more conventional
assignment approaches.

SMALL AREA TRAFFIC ESTIMATION

Traffic assignments have generally considered single routes or entire networks
on a large area basis (i.e., an urbanized area). This has resulted generally
in including the higher type facilities in the network considered (freeways,
arterials, and a small amount of collectors) and analysis zones of a size
commensurate with the network detail. Historically, this network approach

has not permitted acceptable assignments to facilities below the arterial
level. Likewise, one could not reflect the congestion problems which occur

ggthzuﬁgng during rather short periods of time. The effects of altering traffic control

measures, such as parking and signal control, could only be reflected in
derived measures, such as speeds and capacity, rather than direct input of
such conditions,

There is increasing demand for the study of traffic in finer detail than has
been accomplished with traditional assignment techniques. The types of
projects considered are:

- The effects on the surrounding highway system of a major traffic
generator, such as a shopping center, airport, or office building

- The detailed examination of alternate locations of a facility
within a corridor,

- The detailed examination of alternate ramp designs and the effects
of these on the surrounding street system.

- The study of central business district street operation and the
effects of changes in traffic control measures, street improvements,
and the addition of office buildings and other major traffic
generators.

The three types of approaches available for studying the above types of problems

are:
- The adaptation of network assignment tools for detail study

- Micro-assignment approach
- Other computer simulation techniques
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Adaptation of Network Assignment Methods

Network assignment techniques are Timited to the detail of network and

fineness of zones which can be computer stored. On a regionwide basis, traditional
detailed zoning and complete network examination cannot be accomplished, tecﬁn1Eues
However, the same technique can be applied to a small portion of a region or sub=-

in which all highway sections are included and zones commensurate with reqions
the network detail can be handled. Zones may be as small as a block or

even a block face.

The computer assignment techniques available allow detailed coding of all
streets within an area and any level of detail for zones as long as the
computer storage limitations are not exceeded. For the type of problems
discussed this can be accomplished. For example, if only the central business
district of an area was to be examined, even large CBD's could be coded on

a block Tevel with all streets included.

Using current 0-D data presents no problem for such an approach if the data
were coded to a block or very small area basis which has not generally been
the case. Trip tables and network could then be developed for any quickly
needed detailed study. when considering future conditions, or where small
zone 0-D data are not available, the problems increase. In most current
transportation studies the approaci has been to develop regionwide transporta-
tion systems and corresponding analysis zones. The problem then becomes

the development of a detaiied network and the corresponding development of a
detailed set of analysis zones within the region constraint.

Figure II-16 presents an example problem. There is a small area within the
region to be examined in detail with network coding and zoning on a region
basis. The general approach is simple: detailed zones are to be developed
perhaps on the block level and all streets are to be included in the network.
The two approaches which have been utilized are described telow.
2 approaches

Isolate the detailed study area and consider the boundary of the area a new
cordon area. Where Tinks on the region-wide system cross the boundary, these
become external stations. Trips into and through the area would be handled
Trom these external stations as is done on the region cordon. The trips to cordon
and from the small zones could be developed from the regionwide trip matrix area
by a proportioning method or by developing and applying a trip distribution
model. The network for the detailed area would be isolated from the region
and updated to include the detailed street system. Programs for accomplishing
this are available in some traffic assignment batteries. The reader is
referred to the document "Urban Transportation -- General Information" (14)
which describes the programs in the FHWA system of assignment programs to
accomplish the above,
zone
Another, but similar, approach eliminates any boundary conditions near the adjustment
cordon defined for the detailed study area. Here, the concept is to handle
the complete region area but produce large zones outside the area of detailed
consideration and small zones (i.e., blocks) within the detailed area. Likewise,
if including a detailed network within the detailed area exceeded core storage
when combined within the regionwide network, portions of the reaionwide
network would be eliminated outside the detajled area. Fiqure II-17 illustrates
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the approach, Again, application of this approach is possible with available
traffic assignment packages.

The adaption of regionwide assignment techniques is most applicable where

daily or perhaps even hourly assignment results are required and where the
smaller time increnent congestion possibilities are not of censideration.

The effects of traffic control features and/or system improvements cannot

be directly considered but must be simulated in speed changes or capacity

measures,

Micro Assignment

Micro assignment is a recently developed procedure for simulating detailed
vehicular movements in small areas (10). The model has the ability, unlike
regionwide assignment approaches, of assigning to a finely coded street
network for various time periods throughout the day. The time periods can
be of short enough duration to reflect congestion realistically and are
limited only by the practitioner's ability to obtain trips by short time
periods, Most 0-D surveys have time reported to the nearest one-tenth of
an hour (six-minutes)

Traffic control features are directly input to the model and vehicles are
affected by acceleration and deceleration for turns, stop signs, yield signs,
and the encounter of stop controls (red Tights) as well as the stop time due
to the stop control, In addition to these types of delays, the assignment
includes time in queues waiting for a green light or suitable gaps in cross
traffic, reaction time, and conflict Tosses due to traffic in lanes,
intersection space, and green time being shared with vehicles making
different but interacting movements. The major feature of the assignment
approach, which has not been considered in other simulators, is the considera-
tion of changes in demand for sections of the system which may result when
adjustments are made to particular intersections.

Input to the system are the origins and destinations of vehicles entering the
system, Vehicles are routed in accordance with calculated minimum paths,
which may be changed as congestion increases. The control systems that can be
considered include signal control, sign control, and proaressive signal
systems. The types of delays which may be simulated include:

- Acceleration, deceleration, and stopping

- Reaction time

- Waiting for suitable gaps in the traffic stream.

- Unimpeded right turns

- Left turn movement in conflict with opposing through traffic

-  Through movement with left turn vehicles in the stream

- Delays for control systems (four-way stop, two-way stop, yield,
signal, progression).
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To take full advantage of micro-assignment capacilities, all streets within
the detailed study area should be included in the micro network and all
zones in the micro area should be at the block or even block face level.

Assignment proceeds by assigning trips from a zone(s) based upon speed

limit, travel time, and zero volume delay trees. The model calculates the micro
arrival rate of trips at each intersection and, with the intersection assignment
characteristics coded, computes the congestion delay for each movement procedure
through the intersection. The network is then updated by adding the resulting
congestion delay to the previous link times. Tree(s) are next built to load

trips from another set of zones(s) based upon the updated network. The

resultant loads are added to the loads during the first loading and new

congestion delays calculated. This process continues until all trees are

built and assignments made. This process is for one time period only

whether the time period be six minutes, an hour, or 24 hours. If successive

time periods are to be assigned, the result of one time period does not

affect the result of the next time period. This is probably the major

disadvantage of this technique as compared to the simulator approach described

below where vehicles moved through the system are affected by previous

vehicles coming from similar origins.

The primary output of the micro assignment model is a table providing for
each link a complete description of the input Tink characteristics plus
selected items computed during the assignment includina:

Computed delay

Vehicle arrival rate and volume
Operating speed and cost
Vehicle miles of travel

Veéhicle minutes of travel

The above items are summarized by type of intersection control, type of
movements through an intersection (i.e., left turn), and by number of lanes.
The programs available allow automatic plots of network traffic volumes and
trees (see Chapter V on Automatic Plottina),

The micro area network must be specially coded and does not conform to the
coding specification for any region-wide type of assignment proarams. The
trip matrix, however, can be derived from the regional ADT trip table and
the trip survey records.

The micro-assignment technique is of recent development and has not undergone
sufficient testing for any findings to be made concerning accuracy. Also,
the detail for travel information required to allow accurate simulation for
testing and evaluating traffic control techniques is significant-thereby
1imiting use to testing of current street systems and current 0-D movements.

Some of the additional features incorporated into the micro-assignment
technique are:
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Pedestrian Interference. At intersections which have heavy pedestrian
volumes and no separate pedestrian traffic phase, delays are experienced
by turning vehicles., These delays are incorporated in the total delay
calculations of the affected turning Tinks. This will of course have
implications for the other links of the approach leg, the intersection,
and the routes of vehicles.

Transit Vehicle Stops. Transit vehicle stops which use a lane of highway
(typically buses and streetcars) reduce the capacity of that lane due to
stopped time to board and discharge passengers. This effect has been
incerporated into micro assignment. The delays encountered are functions
of transit vehicle arrival rates and numbers of passengers boarding or
alighting.

Weaving Sections. The delays and reduced speeds caused by the necessity for
vehicles in adjacent lanes to merge through one another into gaps in the
other lane (i.e., weave) has been incorporated in the model. These delays
normally occur on expressways. To handle this situation, intersection
control was introduced, network coding devised, and delay algorithms
developed.

Progressive Light Systems. When traffic volumes permit, synchronized traffic
lights can reduce traffic delays and increase speeds, Micro Assignmen.
contains a synchronous intersection control code. During assignment traffic
volumes are monitored on the progressive system.

Other Simulation Techniques

Many computer programs have been developed to simulate traffic through a
highway network or along a freeway type facility. These simulators differ

from the previously mentioned techniques in that 0-D trip tables are not
assigned, but rather vehicles are entered at loading points and move

through the network based upon turn probabilities at each intersection.

Their major advantage in detailed study is that vehicles are constantly fed
into the system at all entry points throughout the simulation thereby allowing
congestion conditions to be shown through queue arowth and decay. These

type of simulators are most useful for testing and evaluating traffic control
techniques rather than as planning tools. They would appear to be useful to
the planner, however, in testing alternative means for handling vehicles in
densely developed detailed areas. In this situation traffic assignment output
providing loads on the entry Tinks to an area can be tested to determine the
ability of the street system with alternate traffic operation and control
features (i.e., one-way streets, eliminating parking, alternate signal timings,
etc.) to handle the imposed load. Perhaps this melding of traffic assignment
and simulation is best accomplished in short range planning (say under 5 years).

Generally, there have been three types of models developed which can be
considered useful for testing and evaluating traffic control techniques. These
can be broadly classified as:

Intersection models

Arterial street models

Network models
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These models may be further classified as microscopic models and

macroscopic models. Microscopic models allow simulation in minute detail %g%%;u%
and account for the position and action of individual vehicles. Macroscopic '?Eﬁﬂil'
models are more limited in the detail considered and handle vehicles in nogels.

groups rather than as individual entities. On this basis, micro-assignment
may be considered a macroscopic model.

An excellent example of the intersection model is one developed by James H.
Kell (26). This model handles two two-lane, two-way Streets. Vehicles

are generated randomly by Monte Carlo techniques. Traffic control is either
a stop sign or traffic signal. For stop sign control the model considers
gap acceptance as well as acceleration, deceleration, slowing, stopping,

and queue delays for each approach. The signal model can consider a fixed
time system or an actuated control. The model has been used to simulate
thousands of hours of traffic, This has provided extensive data under
controlled conditions relating delay to varying traffic volumes and control
situations.

The Stark model is a good example of ain arterial street simulation model (27).
It was developed to simulate a nine-block section of 13th Street, N. Y. in
Washington, D. C. It is not a generalized model since it cannot be applied

to other cases in its current form. Cars are handled individually by the

model and carry out maneuvers, including stopping for red 1lights, yielding
right-of-way at stop signs, and manuevering into position for turns. The
vehicles take on different speeds, accelerate, decelerate, shift lanes to

pass slower cars, and form queues. An interesting feature of the model is an
output which presents traffic flow in a map-1ike manner-and can be photographed
for a movie representation of flow.

A ratner interesting simulation model of the network variety was developed

by A. M. Blum (28). This simulator handles up to 37 intersections and follows
individual vehicles, which are allowed to change lanes, turn, change velocity
(including reaction and acceleration delays), and merge. Various size vehicles
can be handled, In addition to turn probabilities, vehicles may be routed
through the system (which may be useful for simulating bus movements).

The three types of input to the system are:

- The geometry of the system
-~ Vehicle characteristics, such as velocity and vehicle length
- Signal control

The output possibilities are also of interest. There are three types of output
that may be requested at any time of simulation:

- Network display
- Detailed tabular Tistings
- Histograms

These outputs may be requested for the entire system being simulated and/or
for individual intersections within the system. Figure II-18 presents an
example of the network display, which is analagous to a photograph of the
network at some instant during the simulation. The detailed Tistings and
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histograms provide information as follows:
- Queue delay times for specific lanes
- Queue Tengths for specific lanes
- Cummulative queue delay times for all lanes
- Cummulative queue lengths for all Tanes
- Cummulative travel times for all vehicles
- Average speeds for all vehicles
- Speed of platoons
- Average time signals are red and green
- Average occupancy of each Tane
- Average occupancy of each intersection

The Blum model is a microscopic-type network simulator. Two serious drawbacks
of the model are:
- It has not been utilized in any Targe scale testing
- It consumes computer time at the rate of approximately 3.5 times
real time (actual in the field time) on an IBM 7090 computer for
37 intersections.

The most widely tested network simulation model was developed for the District
of Columbia Department of Highways and Traffic and for the Bureau of Public
Roads, under the direction of D. L. Gerlough (29, 30). It is called "TRANS"*
and has evolved through four versions (TRANS I - TRANS IV), each containing
refinements over previous versions. It is a macroscopic model, handling
groups of vehicles in scan intervals of 1-5 seconds. During each scanning
cycle, four major operations are performed:

- Vehicles are generated on the input links

- Vehicles are moved from one 1ink to another (interlink movements)

- Vehicles are advanced within each 1iak (intra-1ink movements).

- Traffic signal states are updated.

Input to the simulation model includes a description of the system geometry
(1ink lengths, widths, capacity of left turn pockets, free flow speeds, and
identification of connecting links), a description of arrival and departure
characteristics, and a description of the signal control system, Output from
the simulation includes traffic volume output, initial network population,
final network population, vehicles processed, average distance travelled per
vehicle, average delay per vehicle, average travel speed per vehicle, vehicle
miles of travel, average density, and traffic volume by Tink.

In moving vehicles between two 1inks the model considers if:
- Vehicles are stopped for a traffic light
- Vehicles are in a queue at a Tight
- Vehicles are in a free flow state
- The source 1link has a Teft turn pocket
- The Tast zone of the new link is full

* Not to be confused with the TRANS (Transportation Resource Allocation
Study) work conducted by the FHWA.
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Other inputs to the simulation model include:
- Turning probabilities for each approach lane
- Launch rates from a queue
- Lane distributions by link
- Free flow speeds by link
- Effective vehicle length (one value)
- Increase or decrease in volume along a Tink due to parking
‘characteristics
- Pedestrians (effect on turns only)

The signal system states that may be considered by the model are full red,
full green, green arrow straight, green arrow left, green arrow right, and
green arrow diagonal,

There are two major parts to a simulation run. "Fill time" is a period during
which traffic is generated and pumped throuch the network creating an initial
network pepulation, "Observe time" begins after initializations are made

at the end of fill time,

Testing of the TRANS model, developed by Gerlough, has been accomplished almost
exclusively with changes in signal timing, although some runs have tested the
sensitivity of the model to changes in turning probabilities, lane distribution,
pedestrian volume, and consideration of trucks. The TRANS authors have
recommended future research using the model to test changes in parking regulations,
turn prohibitions, street widening, channelizations, special sicnal phasing,
special pedestrian treatment, and special traffic patterns. These types of

tests would appear necessary to fully evaluate the validity of the model. The
TRANS model has an important virtue of being "fast" as far as computer time

is concerned, with many simulations running at a computer speed four times greater
than real time.

Various methods have been discussed which can generally be refefred to as

traffic assignment techniques. The difference in methods vary more in the uses
to which they are applied than in approaches to a single acplication. For
example, traditional highway assignment techniques are most useful for regionwide
assicnment applications. The technique may be adapted to transit assignments

or small area traffic estimation, but other approaches have been developed

which are more specific to these problems (i.e. UMTA Transportation Planning
System and Micro assignment). The background description of technigues presented
here is an introduction to the types of decisions that must be made by the
practitioner in using them. Some of the major decisions to be made are

presented in the next Chapter.

72



CHAPTER III
DEVELNPMENT OF ASSIGNMENT CAPABILITIES

There has been considerable application of traffic assignment techniques
over the past decade with many variations as to technical and operational
approaches., The basic application in the 1967's was to recional networks
utilizing what has been referred to as traditicnal traffic assignment

techniques. This traditional approach consists of loading an origin- Chapter
destination trip matrix to the minimum path routes determined for a overview

transportation network. A wealth of experience and development has
resulted, although the variation in approach is wide due to the Targe
number of applications in over 200 urbanized areas throughout the United
States and in foreign countries. This Chapter will attempt to present the
variations in approach in some of the most important aspects of traditional
traffic assignment, as well as to indicate in some cases, a recommended
approach.

Although some of the new technicues described in Chapter II will be
utilized to a great extent in the future, their discussion in this Chanter
is necessarily limited. This results from limited field experience with
these technioues and from an expected predominant use and adaptation of
traditional assignment technicues to special problem areas. However, much
of what is discussed is applicable to the newer developments as well as the
traditional assignment approach. Any Timited discussion relative to the
new approaches is due primarily to a lack of operational exnerience rather
than any bias toward the traditional approach.

ZONE-NETWCRK RELATIONSHIPS

"Geographic analysis units" are established for various purposes in a

transportation study. The basic unit might be the block for data coding. ,4pe.

An aggregation of blocks might be used for forecasting and display network
purposes. For traffic assignment, the geographic analysis unit should be 7pabiTi
established in accordance with the purpose of the assignment(s) to be made £apabl ity
and the network established. For ease of discussion and as a result of

usage, the term "zone" will be used as the description of geographic

analysis unit in terms of traffic assignment area units,

The establishment of zones ard a traffic assignment network should basically
be developed in accordance with the objectives of the assignment. For
regionwide rlanning level assignments, a coarser network and larger zones
are typically needed than when a more detailed study is being made of a
specific transportation corridor. Within this context, however, there is
still considerable agreement on the premise that within practical limits

of accuracy and reliability, the smaller the zones and the more detailed a
transportation network established for a particular assianment cbjective,
the better will be the results.
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However, this must be tempered by cost considerations and other pertinent
factors. The more zones and greater network detail, the higher will be
the cost of making an assignment. Regioral assignments for development
of an overall transportation plan require assignments to high level
facilities (i.e., highways-freeways and major arterials). Assignments
made for detailed design purposes require as hich an accuracy as possible
in relatively small parts of an urban area. Small area studies, such as
a CBD, require assignments to all levels of facility. As a general rule,
the network and zones should be established to allow the achievement of
accuracy commensurate with the objectives of the traffic assignment to be
made,

In addition to the effects on assignment results, selection of zones and
network are dependent upon non-assignment considerations, such as, the
availability of data, either forecasted or collected, to some level of
area detail.

To be most efficient, considering cost and accuracy, assignment networks
should be chosen in relationship to the objectives of the transportation
study. In the past, application of assignment technigues on a region-wide
scale were prevelant when the emphasis was placed on plan development. Now
it is expected that considerably more work will be accomplished in sub-areas
of a region for detailed assignments related to desiagn, major traffic
generator analysis, and corridor analysis in response to surveillance,
reappraisal, and service functions of transportation studies. There is a
relationship between zones and network, as well as a relationship of these
to the level of assignments contemplated. Therefore, it is necessary to
design the zone and network base systems to allow efficient tailoring to
each specific purnose.

Experience in traffic assignment application indicates that this zone-
network compatibility helps insure that assignment results will he as
accurate as possible regardless of the level of detail and the objectives
of the study. If the traffic assiagnment process is considered as a
function isolated from other planning functions, it appears that zones
should be determined basically as a result of the assignment network
developed and that the assignment network be developed based upon the
purposes of the assignment application. This must, however, be tempered
by other considerations.

In the purest application of the above statement (i.e., zones depend on
the assignment system chosen according to purpose of assignment) the
network would be chosen as follows:
- Functionally classify the transportation system,
- Include in the system a Tevel of facility cone classification
below that for which assignment results are required,
This must be considered carefully since, for example, adding
collectors to an arterial network might increase the miles
coded by 50 percent and double the numbers of nodes. A plot
which may be valuable is one of accumulated percent of
vehicle miles of travel versus accumulated nercent of miles
of facilities which will show changes expected as functional
systems are added to the network.
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- Insure that sufficient sections are included to provide
network continuity.
- Connect zones to this lowest level of facility.
zone-

The zone system, then, would be based upon the selected network. Ideally, network
the zonal system would include at least cne zone within each land area HEVETBEhent
delimited by the selected network. This would result (using one zone per —
Tand area delimited) in four directional links (or two physical sections of
facility) for each zone. If there were, for example, 2000 physical sections
in a network, there should be 1000 zones. The above does not consider
any link connectors between zone centroids and the selected network and the
subdivisicn of the network Tinks caused by centroid connectors. If each
zone defined by the above were connected to the system by 4 Tinks, there
would result a total of one zone for each 9 Tinks. Table III-1 shows
the relationship between zones and links based upon the above approach.

TABLE III-I

Desirable Relationship Between Links and Zone

Number of Centroid Number of Physical
Connectors Links per Zone
0 Z
1 4
2 5-6
3 7
a 8

Based on experience of operating transportation agencies, it would appear
that 10 Tinks per zone is the averagce, which indicates that in many
instances a zone covers more than one network defined area.

The approach described is most relevant to regional study. When a more
detailed study, within corridors for example, is undertaken, the
relationship will change due to coding of additional operating features
such as ramps.

The above described development of the zone-network relationship does not
consider other analysis and planning requirements. However, the same
approach can be applied whether the assignments are to be made to a
regionwide network with only high level facilities included, to a corridor
where greater facility detail is required, or to special generators such
as a shopping center area where perhaps all facilities might be included.

In considering the above approach, limitations placed on assignment

procedures by data development and other uses must be considered. other ]
Generally, the following is of concern: considerations

~Municipal and/or political boundaries must be ccnsidered due
to the variations in data available from these and the general
requirement for reporting data for such entities,

-Census tract boundaries should be considerad based upen the
large amount of data collected on this basis.
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-Model city area boundaries should be considered if relevant.
-Zones should contain sufficient activity to allow the
development of travel by the trip generation and distribution
processes. Homogeneity should alsc be a consideration.*
Further discussion of this aspect may be found in "Guidelines
for Trip Generation Analysis" and several HRB publications.(2,31,32)
-Zones should not contain sc much activity that unrealistic
network loadings on links near zone centroid connectors may
occur.

-Geographical barriers often 1imit traffic circulation and

are therefore desirable zonal boundaries.

A formally structured approach to the idea of zone-network compatability
fQEEE%lL has been described by Mr. Eugene Muhich (33). The concept is referred
structured to as the Basic Geographic Analysis Unit (BGAU) concept. Criteria
zone-net-  related to the types and purposes of planning and the kinds of analyses

gEIET to be undertaken are applied to delineate geographic areas which can
Gevelop-  serve as analysis units capable of meeting the reliability requirements
ment of a given planning effort. The implicit assumptions, the types and forms

of information, and the procedures involved inherently define the size,
shape, and character of BGAU needed to accomplish this planring to a
specified degree of reliability or precision. Hence, to do a given type of
planning for a given purpose under a aiven set of circumstances, a
relatively specific number of BGAU's is required. These differences are
illustrated by a comparison of the general types and nurposes of planning
that might be expected in a region as shown in Table III-2, In addition

to the scale and tvpes of plannino, the size and character of BGAlU's are
related to the tynes of tools and analyses used and whether concern is

with a current or forecasted situation. For example, some portion of a
current study area might now be rural whereas in the future it is

forecast to be urban. The requirements for BGAU's would differ due to this
change in land use.

To illustrate the BGAU concept as related to traffic assignment, the
following discussion outlines the factors to be considered and procedures
to be followed in developing BGAU's associated with an arterial highway
analysis. The objective, then, is to produce reliable information for
highway location and design purposes for all facilities in the arterial
system. Table III-3 shows an example of primary design factors for 11
functional design classes of arterials and 2 classes of collectors that
mignt be used in an urban area. Most State highway departments have
developed such "standards". Assuming the objective of the study is to
produce a certain degree of precision for design class 6 and above, the
BGAU size is related to the amount of activity by area (trip ends) and the
number of centroids used to simulate via traffic assignment. In order to
determine the amount of activity which could be allowed in a BGAU and still
achieve compatibility with the network detail (class 6), it was determined
that the ADT average daily traffic (converted to a weekday basis to be
compatible with the survey information) could be used. It was recognized
that this was design information relating the capacity of facilities and

a certain level of service. Since the critical segments of the arterial
system were operating at near this level of service, it was decided that this
could be used as a measure of the level of activity that could be permitted

76



TABLE III-2

I1Tustration of BGAU's associated with various planning situations.(33)

Planning Types of Number of Convention
Scale Type Purpose Tools BGAU's Designation
Regional Urban Central Land Use Traditional 89 Urban Super Districts
(3 county SMSA Rural & Transportation including 38 Rural
with one urban Corridor Traffic 127
area) Planning Assignment
Urban Urban General Land Use Same 178 Districts
and Major
Arterial
(Expressway)
Urban Urban Detailed Land Same 534 Traffic
Use and Total Analysis
Arterial Zones
System
Urban Urban Transit Same 378 Transit
Operations and Including Analysis
Attendant Land Transit Zones
Use Assignment
Urban Urban Metro Simulation 235 Sewer
Sewer & Design Service
Planning Models Modules
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TABLE ITI-3
URBAN DESIGN CRITERIA & "STANDARDS" - AN EXAMPLE

Functional o, i y
Class Classification Ng Directional — puy g ADT
Eanes Split
13 Freevay 19 60-a0 8,350 9% 92,800
12 ! 6  60-40 6,080 9%  67,600*
11 " 4 60-40 3,830 9%  42,600*
10 Expressway(w/10'SH) 6 60-40 3,830] 10%  38,300%*
9 g 4 60-40 2,830] 10%  28,300%*
8 Principal Arterial— 6 60-40 3,1801 10%  31,800**
Divided, 2' SH,
7 w/left-turn lanes — 4 60-40 2,1201 104  21,200%*
6 Minor Arterial — 6  60-40 2,4202 10%  24,200%*
Divided
5 w/Lt.-turn lanes— 4  60-40 1,5702 10%  15,700%*
4 Minor Arterial — 6 Undesirable
3 Not divided 4 55-45 1,490 1% 13,600%*
2 Collector — 4 50-50 ],2303 12%  10,250%*
1 Not divided — 2 50-50 5805 12%  4,850%*
Table conditions ok
5% Trucks = - = - Class 1 thru 13 For Residential Area + 11%
10% Lt. turns - - . 1 thru 10 For C. B. D, - = - 9%
10% Rt. turns - - ! 1 thru 10 For 0% Trucks - + b%
No parking - - - = " 1 thru 13 For 10% Trucks - - 6%
Metro. Pop. - 750,000" 1 thru 10 For Metro. pop. 500,000-5%
50-50 greentime/hr For Metro. pop. 1,000,000 + 5%

40-60 greentime/hr
30-70 greentime/hr
For 0% Trucks + 10%
For 10% Trucks - 8%

* WM -
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in a BGAU, Since some variability of traffic flow characteristics, and
hence design, exists for various portions of the area, separate tables
were developed for the CBD and residential areas as reflected in the
footnotes of Table III-3. If the system had been operating significantly
below capacity, a different set of volume criteria would have had to be
developed. The fact that the system was operating at or near capacity in
this instance was fortunate, since these BGAU criteria could then be used
for forecasting purposes.

Additional items to be considered might include:

-Effect and influence of natural barriers.

-Compatibility with data units established for information
system purposes.

-The shape of the BGAU should be such that trip activity
can be represented by a point.

-For trip generation, distribution, and other modeling
purposes there should be homcgeneity by BGAU.

-The amount of activity (trips) to be permitted in a BGAU
will be controlled by the design volume of functional class 6
(minor arterial).

Once all the criteria to be considered are assembled, the procedure for
definina BGAU's (assuming the interest is in design class 6 and above)
is as follows:

-Assemble a set of base maps. The maps and overlays should method of
show topographical features including physical barriers, zone-network
existing land development, land currently committed to new definition
development, and civil division boundaries.

-Using a street and highway system map of the same scale,
identify the functional design classes of the arterial
facilities. Using an overlay, plot the class 6 through 13
facilities to be included in the analysis network.

-On another overlay, plot all pertinent planning boundaries.

-Review the above maps and overlays to determine that all
physical barriers including railroads, mass transit facilities,
etc., are shown.

-By superimposing the appropriate maps showing the network and
physical barriers, lay out a tentative set of BGAU's corresponding
roughly to the "holes" between the major bharriers and major
arterial facilities,

-Horking on an area by area basis, refine these BGAU's by
using the maps and information on land use, planning boundaries,
information system area units, and associated information taking
into consideration the shape of the BGAU and the character of
development.

-The amounts of activity in the refined BGAU's should be checked
to determine if any activity control has been exceeded. This will
necessarily involve the inspection of facilities not included
in the analysis network to determine if some lower classes
should be added to the network in order that the centroid
connectors can properly load traffic to and from the BGAU.

Some simplified Trip Generation relationships should be used in
conjunction with the land use, nopulation, and employment
information to estimate the total number of trips in the BGAU.
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This total trip activity should then be compared to the
traffic volume controls to make a preliminary determination
of the number of centroid connections that will be necessarv
to accomodate this amount of trip activity. The maps and
other information should then be reviewed to determine the
proper number and location of centroid connectors in order
to simulate the travel to and from the BGAU.

-A final review of the BGAU's should be made to assure that
the BGAU's satisfy the estahlished criteria to the maximum
dearee.

The impTlications of the above discussion on zone-network compatibility

in data development and processing are significant. The problems inherent
in a number of zoning systems and conversion of data between them are con-
siderable. In addition, forecasts made on a very small area basis may
hold such inaccuracies as to cause ouestionable assignment results. The
ability to estimate Tand use characteristics and develop meaningful travel
forecasts on a small area basis must be considered here.

The two general approaches that might be considered for handling multi-
level assignments are:

-development of a regionwide network to the finest detail
expected to be used in any specific analysis with corresponding
zones, data, and forecasts.

-Development of a network on a regionwide scale (detail
required for regionwide analysis) with corresponding zones,
data, and forecasts.

Each of the above approaches has advantages as well as disadvantages.

The first procedure requires that network data be collected for the fine
network for an entire region. This includes characteristics such as
capacities, ground counts, and speeds. A1l zonal attributes required for
trip generation, trip distribution, and modal split would have to be
gathered and forecast at a fine level of detail over the entire region.
Once done, however, the ability to make regionwide assianments by
aggregating zones, and small area assignments for special generators and in
corridors becomes a rather simple data handling process.

The second procedure requires that data be gathered and forecast for a
coarser network and less zones areawide. For detailed study, additional
detailed data would be gathered and forecast in the specific area of a
special generator or corridor. The increase in work necessary here would
be the redevelopment and/or application of developed forecasting procedures
and models on the new level, an additicnal data collection effort, and

the addition of more detailed network data in the specific area of interest.
Again, data handling and calculation processes exist for accomplishing

the necessary work if this approach is taken (see Chapter II, pages 62-68

on small area traffic estimation).

Both of the above approaches have been successfully applied. The basic

goals and objectives of the region for which a study is undertaken as well

as the types and number of assignments expected to be made must be considered.
In addition, the cost and time effectiveness of each approach, as well as any
theoretical consideration deemed important, are considered.
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At least one state has decided to appnroach the above problem by develoning
two zonal-network systems for the purposes of detail area assignments and
assignments made for regional planning purposes. One system has 1700
zones, 12,500 1ink sections, and is used for detailed area and corridor
analysis. The second zonal-network system contains 250 zones, 9000 Tlinks,
and is used on the regional level. Generally, the 850 zones are
groupings of 1700 zones.

This section contains no guide relative to the number of zones and links examples
recommended depending upon the area or population of an area. Discussion of zone -
with practitioners in the field has indicated that each urban area must be  network
handled separately based upon its own characteristics of topography, relation-
network configuration, land use characteristics, and study purpose. A ships

review of a number of zones and links in a sampling of regional studies
bears this out. As an example of this, Table III-4 provides information for
a number of urbanized areas within a single state where the networks were
basically established for regional planning purposes. The wide variation in
zones and links per population is readily apparent. There is a narrower
1imit on links and zones as related to area and a rather narrow limit on

the links per zone relationship. A possible determinant here was the
specific objectives of each of the studies which may have varied
considerably. Also, the effects of urban area size and intensity of
development enter into the considerations on zone-network relationships.

TABLE III-4

Zone-network relationshipns in studies within a single state.

Urban Base Area No. No. Links Pop. Links Pop. Zones
Area Year Sq.-miles of of per per per per  per Sq.

Popul. Links 7ones Zone Link Sq.Mile Zone Mile

A 533000 439 5114 489 10.5 1024 10.4 1090 .99

B 333000 461 5246 527 10.0 63 11.4 632 1.14

c 721000 539 6322 765 8.3 114 11.7 942 1.42

D 80000 139 1317 162 8.1 61 a.5 494 1.16

E 515000 650 5779 616 9.4 8% 8.9 836 0.95

Further evidence of needed tailoring of zones and network to specific
urbanized areas is available from some nationwide deata available on zornes,
area, and population as shown in Table III-5.

TABLE III-5

Zone Relationships - Nationwide sampling
(74 urbanized areas)

Population Sq. miles per zone Fersons per zone
Range

(Study year) Average Range Averace  Range
Less than 75,000 0.55 N.11-2.11 954 120-2700
75,000-150,000 1.07 0.24-2.39 R72 357-1692
150,000-300,000 1+:32 n.24-4 .07 1226 545-2400
300,000-1,000,000 2.22 0.21-10.27 2828 1316-7175
Greater than 1,000,000 3.13 0.59-13.33 7339 2214-24569
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Although the table indicates a general trend toward less zones per

population and area as the population increases, there is a wide range

in the number of zones within any one population grouping. One would suppose
that the general trend is based on economic realities where assignment
computer costs increase geometrically with the number of zones, as well

as the computer packages previously available which strictly 1imited the
number of 1inks and zones which could be used.

The discussion in this section should provide information useful for
establishing a compatible zone-network system. A check of this compatibi-
lity is a necessary step and can be easily accomplished. A series of
synthetic screenlines (gridiines) traversing the entire study area

(refer to Figure III-7) can be used to accumulate ground counts and assigned
origin-destination trips. A comparison of the count and assignment volumes
on links crossing these gridlines indicates whether there is too much

or too 1ittle network per zone. If the network were too coarse in a
particular area of the region, trips that would actually use that part of
the system not included in the 1ink network in the area would actually be
assigned to the included 1inks. Therefore, the total assigned 0-D volume
would be greater than the total ground counts across the gridline. The
addition of more network links relative to the number of zones would adjust
for the above condition. If the network were too fine relative to the
zones, the total 0-D assianed volume would be Tess than ground counts.

A number of such gridlines would serve as an area-wide indicator of
zone-network compatibility. Since an ideal zone-network configuration
would define as a zone each area surrounded by network seoments (1inks),

a rough check of zone-network compatibility can be made by counting the
number of zone boundaries and network segments crossed by each gridline.

A compatible system would be one in which zone boundaries crossed equaled
network segments crossed by each gridline. These checks would not directly
indicate where spot additions to or deletions from the network were needed,
but would rather indicate generally if the procedure used in establishing
the zone-network system needed review and/or revision.

An interesting illustration of the results caused by zone-network
incompatibility was developed using two micro-assignment runs (34). The first
run used very fine zones where the two block faces on a street comprises

a zone and the centroid was the middle of the street. The second run was
made with larger zones twice the size of the first run zones. The network
was the same in both cases, consisting of local and arterial facilities
spaced at 1/3 of a mile. A uniform trip-end density of 10,000 per

square mile was used. The results showed that intrazonal trips (which are
not loaded on the assignment network) increased from 0.25% for the fine
zones to 13% for the larger zones - a significant difference. Average Erip
length for the fine zones was 2.93 miles and for the large zones 3.60 miles,
Vehicle miles of travel on the arterials increased from 61% to 93% of total
VMT in going from fine zones to large zones (with a corresponding decrease
of 39% to 7% on the locals).

Corrections to the zone-network system, if they are to be effective,

must be undertaken with care. If the network is found to be coarse for the
zones used, zones may be enlarged where necessary or additional network
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may be included. From a practical point of view, the usual method is to y
add network since there are usually more constraints placed on the zone %%IE%%%%E&
configuration by other factors. These efforts should all be quided by ne:wor -
the desirable zone-network configuration for compatibility and the goal T 3
of the study area as they relate to the network analysis. If the network T

is found to be too fine, either more zones should be designated or less CLLRRS A
network included, again following the desirable configuration guidelines

and the goals of the study area.

It can be shown that for certain zone-network configurations, the
subdivision of a land area delimited by the network into more than one
zone does not completely alleviate the artificial overload problem. This
would seem to indicate that additional network must be included to reduce
the trip ends in each land area delimited. The resulting new land areas
may each be one or more zones as necessitated by other considerations,
such as, homogeneity of land use activity.

In updating transportation study data and techniques, the opportunity to
reevaluate the zones and network established initially should be considered.
The types of criteria described for establishing zones and network discussed
in this section should certainly be considered in any updating - reevaluation
process. The goals and objectives of the future work might be different
from the work previously accomplished, resulting in the need for
reestablishing zone-network compatibility.

The establishing of zone-network compatibility is also important in the zones % net-
calibration of the assignment model. Calibration usually consists of work related

adjustments to the network parameters (i.e. speed) and/or extent of system to assign-
included. Comparisons are made of assignment volume and ground counts ment mogel
accumulated to some level of aggregation (see Chapter V) or compared with

ground counts on a link by 1link basis. The zone-network relationship

should insure that the proper trips are loaded onto the system being

used for assignment (i.e. intrazonal trips being of a proper magnitude).

Adjustments made to the network and/or zones during calibration should be

made within the framework of the zone-network compatibility established.

Hopefully, if this is properly established, the calibration cf the

assignment model should proceed with few zone and/or network changes

being necessary and being 1imited to minor changes in system parameters.

A checklist that may be used to accomplish the above follows: calibration
-Check the network - counts and capacity of assign-
Build and trace trees - logic of trees ment techni-
Logic of counts and capacity que

~-Locate imbalances
Gridline analysis
Check fineness and coarseness
~Corridor analysis
Check VMT, assigned volumes versus counts
Adjust speeds in corridor (i.e., if under assigned,
increase speeds in corridor to make it more attractive)
-Analysis of specific links
Look at speeds and turn penalties
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NETWORK REPRESENTATION AND SPECIAL FEATURE CONSIDERATIONS

Chapter I presented the input data requirements for several assignment
systems now available (the highway packages, the transit planning package,
and micro assignment)., The intention of this section is not to provide

the detail necessary to code a network using the various assignment systems
available. Rather, the purpose is to provide some background information
to augment the coding instructions that are partinent to any of the
computer systems available for traffic assignment. The reader should
reference the pertinent instructional manuals for detailed coding
instructions (7,10,14,15).

The level of detail and special features to be considered in the coding
of an assignment network should be based upon the type of assignments to
be made. For example, for broad regionwide planning-type assignments
there is usually 1ittle need for detailed geometric definition of the system
and use of turn penalties or prohibitors. Turn penalties allow the
specification of travel time in addition to link times during the route
building process to assess time for making movements such as right and
left turns. Turn prohibitors do not allow certain movements as specified
by the user during the route building process. Corridor analysis and
small area study generally benefit from detailed coding of geometry and
use of turn penalties and prohibitors. Likewise, the basic coding and
special feature considerations will vary by type of system coded, i.e.,
transit, highway, micro area, etc.

The use of appropriately scaled maps for coding is extremely important.

The information used for coding a network should be placed on the maps for
coding and future reference. Map scale should be chosen so that very few
major 1inks on a network will be less than one inch long, thereby allowing
annotation with necessary information. However, this sometimes results

in requiring different scales for the central business district, surrounding
city, and suburbs. A typical set of maps might consist of: 1"=2000'

maps for outer suburban areas, a 1"=1000' scale for the inner suburbs and
outer city, and a 1"=400' map for downtown.

With properly selected base maps, the following network data (if all used)
would be placed on the maps for subsequent coding on sheets for keypunching
(refer to Chapter I, Data Requirements Section and Figure III-T for
illustrations of terms used below):
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- Definition and Tocation of the transportation system for
assignment purposes

- Location of zones and their centroids

- Centroid numbers

- Links connecting the centroids to the network

- Network nodes

- Node numbers

- Turn penalties and prohibitors if utilized

- Link parameters (e.o. distance, speed, etc. )

- Special coding features for interchanges, external stations, etc.

- Map identification for storing and future use
For futher details on these items the reader is referred to the manual "Urban
Transportation-General Information" (14) prepared by the Federal Highway
Administration as well as Chapter I and references (7, 10).

The amount of realism that may be achieved by representing a real transportation
system by a coded network varies with the intent of the assianments. If the
system coded contains high type facilities, and corridor type analyses are

to be made, the facilities and their interchanges may be coded directionally.

In directional coding, turning movements and weaving movements may be specified
as links in the system. In this Tevel of codina, the longer distance and
traveltime inherent in the Toops of a cloverleaf interchange, for examnle, may
be simulated by directional codinc. Examples of the possibilities that may be
considered are shown in Figure I1I-2 for freeway type interchances.

CENTROID
@,

A

O = NODE

7

FIGURE Ill -2

EXAMPLE OF DIRECTIONAL DETAILED NETWORK

CODING-HIGH TYPE FACILITIES(14)
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Similar detail may be coded for intersectina streets to account for detailed
traffic control, time of turning, and turning prohibitions. Figure ITI-3

shows that eight nodes may be used in place of a single node at an intersection
to allow the separate identification of each movement. Turns can be prohibited
and different penalties used for each movement if desired. This scheme can

be used with most assignment systems, including those that do not allow use

of turn penalties and prohibitors. Where prohibitors are available, the
detailed coding described above can handle these prohibitors as shown in

Figure II11-4. 1In considering the above concerning realism and detail, the
practitioner should be objective concernina the degree of accuracy that may be
achieved at ramps and intersections.

Many computer packages 1imit the number of Tinks that may be connected to a
node, Some limit this to four links. When intersections of more than the
maximum number of allowable 1links are encountered, it is necessary to add

extra nodes in such a way that the link limitation is not exceeded. This is
accomplished by adding a dummy link (a 1ink with zero time and distance) so that
the time to the intersection during the route building process is not affected
as shown below:

™
O TIME & DISTANCE
DUMMY LINK

ACTUAL CONDITION FOR CODING

turn
enalty &
prohili -
tors

Turn penalty and prohibitor features of some assignment systems allow more direct

coding of these characteristics than described above. However, there are still

cases where detailed analysis may warrant special coding of an intersection

or freeway interchange. For example, miles of travel and speeds on ramps may

be desired. In addition, most computer systems Timit the number of turn penalty

ya1ues that can be used. Direct coding allows use of different values between

intersections.

Figure III-5 shows two design situations that may warrant special handling

quring the assignment process. This special handlina may utilize turn prohibitors
if available (as shown) or use detailed codina which requires use of additional
nodes,

The coding used for networks becomes directly involved in the routing process. vines
Chapter II describes routing algorithms and the differences between "vines" Vs.
and "trees". Vine routings are more accurate, ensuring minimum paths where there frees
are prohibited movements and penalties in a system. If many intersections have
prohibited turns or large turning penalties associated with them, vines should

be used. However, about twice the computer time required to build trees
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P=PROHIBITED TURN

SITUATION A SITUATION B

FIGURE I-4

USE OF TURN PROHIBITORS IN PLACE OF

DETAILED CODING SHOWN IN FIGURE III-3
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is required to build vines. Field experience would indicate that most users
do not employ the vine option when it is available. This is probably due to
more familiarity with the tree option, desiring the savings in computer time
and generally not requiring the increased accuracy. However, if many intersec-
tions have prohibited turning movements, or large turning penalties associated
with them, vines are recommended, Otherwise, trees should probably be used.

The amount of data which must be coded for traffic assignment purposes is very
limited. There are three major data items necessary: 1) network geometry - network
which may be a very abstract reproduction of the actual system, or a detailed data
description of actual geometric characteristics; 2) trip data; and 3) network
parameters. The only network item required for assignment purposes is an

impedance value on each 1ink for optimal route calculations. For some systems,
distance must be coded (15). More data can be coded to increase assignment
usefulness where required: 1) operational characteristics such as pronibitors

and turn penalties, and 2) descriptive characteristics such as functional
classification of facility, administrative class, type of area, etc., The

last items allow more meaningful and useful summaries of assignments to ke

produced.

A series of computer programs has been developed to deal with transit retworks (7).
These programs are commonly referred to as the UTPS (UMTA Transportation Planninn
Systemg and were described in Chapter II, page 47. They provide the means to
handle the unique characteristics of a transit system,

With the UTPS, there are two types of data supplied for a network. Links are

coded as in the "traditional" highway network, The only additional information transit
that is supplied is the mode(s) of travel serviced by the Tink. The continuity neEworks
of individual transit routes is maintained by supplying "line cards". These

"Tine cards" define a transit route as a series of nodes. In addition, headways

are supplied for each transit route (line) to provide for the computation of

waiting time.

Once a transit network has been established, several variables can be altered
for calibration purposes. These variables are: maximum and minimum transfer
penalties; number of transfers permittea on a path from origin to destination;
weighting factors for running time and waiting time; and mode to mode transfer
prohibitors. Since these variables are supplied during the minimum path
building process, it is not necessary to modify the network each time one of the
variables requires change,

The use of the UTPS programs makes the analysis of relatively large transit
systems practical. Reports obtainec from the battery of programs are tailored
to transit analysis problems and provide information that is unique to transit
planning such as: number of vehicles required to serve a route under given
headway conditions, passenger miles, passenger hours, peak loads, minimum
headway necessary to serve passengers, and vehicle idle time.

The desirability of automatic plotting should be considered when coding of automatic
transportation systems is undertaken. Chapter V describes automatic plotting, ElOtETHQ
including the necessary digitizina of coordinates that must be done as well as

plotting devices and types of display. Automatic plotting nrograms are

available with traffic assignment packages and reference should be made to the
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pertinent documentation for the system being used (7, 10, 14, 15). A,
short description of the plotting capabilities in the FHWA transportation
planning system should provide indicative backaround for consideration.

Traditionally, a tremendous expenditure of man-power has been necessary to
prepare a network for analysis purposes. This time has been spent manually
reviewing network print-outs and maps. Further time has been spent manually
plotting minimum path trees to establish the reasonableness of the coding. A
series of programs are included in the battery to produce plots on a drum or
flatbed plotter. These programs are quite flexible, allowing the user to
specify scale, physical plotter size, number of plates to be plotted, and the
manner in which the information is plotted.

The potential user should decide early in the study development whether he
will utilize the automatic plotting features of the battery. Although x-y
coordinates can be coded at any point in the process, considerable time and
cost savings will result if coordinates are obtained during the network
coding phase. The programs that generate the off-line input to a plotter
require special subroutines. The user should be sure he will have access to
these subroutines at the computer installation he is utilizing. They are not
included in the planning battery since they vary depending on both computer
system and plotter model. Ysually, an installation that has a plotter will
also have the necessary subroutines.

Data plotting within the urban planning battery is accomplished in three phases:

- Insertion of coordinates in the historical (computer network
description) record - The main function is to insert or update
coordinates in a traditional historical record. This is
accomplished by providing a deck of coordinate cards for all
nodes in the historical record.

- Preparation of data for plotting program - An intermediate program
in the plotting system accepts networks or trees/vines and arranges
links in an efficient manner for plotting. Many options are
available to the user at this point such as plotting of range values
in different colors; annotation of plotted 1inks with one or two
variable data fields, such as volume, speed, distance, etc.

- Generation of plot tape - A single line graphic display of
the information contained is prepared. The study area or portion
thereof may be plotted on as many plates as required based on
desired scale and plotter size limitations. The data output
tape is arranged in sequentially numbered blocks. Multi-color
plots will result in more than 1 block per plate so that individual
passes of tne plotter can be made with the specified colors.

The above description provides some background as to the utility of automatic
plotting of traffic assignment data. Further detail concerning plotting is
contained in Chapter V.
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NETWORK IMPEDANCES

Tne choice of initial network impedances for traffic assignment purposes and chance

the adjustment of these during the calibration and application of traffic of net-
assignment techniques is important since not only are the traffic assignment WOrK 1m-
results affected directly, but also most other planning models are affected, Eeaanceﬂ

Zone to zone impedance summations are used for most planning models including
those for trip distribution, modal split, land use distribution, and in some
instances trip generation. These zone to zone impedances may be used directly,
as in the gravity model or intervening opportunity trip distribution models,
or as a part of some other calculation, such as, accessibility measures

which are used in some modal split models and land use models. Choice and

use of impedance measures is one of the more important factors relating to

the results obtained from planning models. It is not, however, one of the
areas where there is general agreement as to approach. Discussions with
practitioners in the field indicate a wide variation in practice concerning
impedance measures. In addition, it does not appear to be an area of activity
to which a sufficient Tevel of consideration is given in many cases.

The choice of impedance measures and their adjustment affects:
- Network calibration
- Trip distribution, land use, and modal split model calibration
- Future application of trip distribution, land use, and modal
split models
- Future assignment results

The effects of changes in speed (or in error of measurement) on traffic assignment
results have been studied on the basis of assignments made to a test network (34).
The network consisted of 18 streets running north-south and the same number
east-west. Streets are assumed to be spaced one mile apart. Four streets

running east-west are expressways spaced 5 miles apart and the same assumed for
north-south expressways. The spacing is shown in Figure III-6. Table III-6 presents
the results of the study. Changes were made in individual streets and expressways
as well as chances to all expressways. Expressway free speed was set at 60 mph
and arterial free speed was set at 30 mph for the base assignment. Table III-6
shows changes in pertinent system characteristics due to the speed changes. This
table provides an indication of what the effects might be of variation in

impedance values on traffic assignment results. For example, by increasing

the speeds on all =xpressways from €0 mph to 70 mph the percent VMT on expressways
increases from 57.5 to 62.0.

For base year initial 1ink impedances, most practitioners utilize link travel
time based upon observed travel speeds along a section of system. Generally, for
highway networks, this is obtained by some level of fielc work utilizing floating

car techniques. The procedure manual on "Determining Travel Time" developed initial
by the Mational Committee on Urban Transportation is used by many in setting Tink
up their speed studies (35). Except in small study areas, say under 150,000 Tmped-

persons, a sampling of facilities is undertaker with the sample results analyzed ances
and used to estimate link times. Either the actually measured times can be used
directly for the sampied links and estimates based on the samples used for the
non-sampled 1inks or the measured times need not be used directly for any links.

The sampled lirk speeds are generally analyzed by classifyina them by facility
type and type of area and obtaining average speeds for these classifications
from the sample speed runs. These speeds are then assigned to the non-sampled
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TABLE III-6

_ EXAMINATION OF ASSIGNMENT SENSITIVITY TO SPEED CHANGES (34)

BASE
CHARACTERISTIC ASSIGNMENT TEST 31° TEST 32" TEST 33 © TEST 34 * TEST 35 ° TEST 36 *
VMT 8,807,373 8,819,266 8,796,666 8,795,847 8,861,008 8,578,432 9,072,957
Exp. VMT 5,060,404 5,053,338 5,018,502 4,999,942 5,153,191 4,433,665 5,626,158
Art. VMT 3,746,969 3,765,928 3,778,164 3,795,905 3,707,817 4,144,767 3,446,799
VHT 407,053 410,890 407,258 409,653 411,911 414,408 403,274
Exp. VHT 212,826 212,536 208,173 211,952 216,730 190,567 220,884
Art. VHT 194,227 198,354 199,085 197,701 195,181 223,521 182,390
Speed (mph) 21.6 21.4 21.5 21.4 21.51 20.7 22.4
Exp. speed 23.8 23.8 24.1 23.6 23.78 233 25.5
Art. speed 193 19.0 19.0 19.2 19.00 18.5 18.9
Cost ($) 327,367 328,454 328,966 324,498 333,805 289,504 352,511
Exp. cost 213,093 212,996 210,405 208,417 219,675 159,972 246,007
Art. cost 114,274 115,458 118,561 116,081 114,130 129,532 106,504
Cost/VMT (¢) 3.72 3.72 3.74 3.69 3.77 337 3.89
Trips 1,362,498 1,362,498 1,362,498 1,362,498 1,362,498 1,362,498 1,362,498
Avg. trip length (miles) 6.46 6.47 6.46 6.46 6.50 6.30 6.66
VMT/exp. mile 35,142 35,093 34,851 34,722 35,786 30,789 39,071
VMT/art. mile 7,434 7,472 7,496 7,532 7,357 8,224 6,839
VMT/street mile 13,592 13,610 13,575 13,574 13,674 13,238 14,001
% VMT on exp. 57.5 ST3 57.1 56.8 582 51.7 62.0

2 Leg~! speed on street 09 lowered to 15 mph.
b Legal speed on street 09 increased to 45 mph.
¢ Legal speed on street 12 (exp.) lowered to 45 mph.

4 Legal speed on street 12 (exp.) increased to 75 mph.
o Legal speed on all expressways lowered to 45 mph.
t Legal speed on all expressways increased to 70 mph.
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links. Another approach would use the classified data by relating operating
speed to posted speeds. Other methods involve classifying facilities by
system, area, and signal control and within these classifications developing
relationships between speed and volume/capacity ratios. Still in other
approaches the density of an area (trips, population, employment) has been
substituted for type of area.

. In determining a classification matrix for obtaining speeds (i.e. geography
impedance and facility type) it is important that the classification matrix or "speed
grror table" be such that the standard deviation of the speed is a minimum within
each cell. For example, a mean speed in the 50-70 mph range should probably
not have a standard deviation greater than 10 percent. In the 10-30 mph range,
perhaps a standard deviation of 20 percent should be strived for. In any
case, large cell standard deviations should be examined and one of the
following approaches considered for reducing these standard deviations:
- Further subdivision, perhaps on an additional characteristic
(i.e., v/Cc ratio).
- Equations based on data within the cell relating the speed
to factors such as posted speed, stops/mile etc.

A sample table of average running speeds. by facility tape and location is
containaed in the FHWA "Urban Transportation General Information" manual (36).
Table III-7 shows the speeds and standard deviations obtained for another

classification which has been used.
TABLE III-7

Standard Deviations in Speeds

Route Type Area Type Mean Speed % STD Deviation
Full Access Control A1l 43 24
Multilane Streets Rural, Res. Suburban 30 27
Res. Intermediate 19 34
Res. Urban, Comm., 15 56
Industrial
CBD Office Bldg. 9 60
Single Lane Streets Rural, Res. Suburban 25 32
Res. Intermediate 18 50

Res. Urban Comm.,
CBD 16 49
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In this study, regression analysis was accomplished for each subgroup. 1m$sgggg§
It was found that the standard deviation of the computed values for speed selection
about its mean was less than the standard deviation of its observed values examples
in each of the sub groups. For Timited access facilities, the posted speed

Timit was used as the independent variable. The desirability of using the

speed 1imit as a variable should be carefully considered. Many studies have

found this variable to be important in developino speed relationships.

However, speed limits are often changed as a result of studies of vehicle

operation. For non-limited access facilities, the posted speed 1imit,

signalized intersections per mile, and the 1ink length were used as independent
variables. These types of analyses may be accomplished for total daily flow

speed or for separate determinations of peak hour and off peak speeds.

A few practitioners find the use of travel costs more appropriate than travel
times for network impedances. This is generally true for study areas where
there are many toll facilities to be considered. Link costs are generally
based upon calculating operating and time costs by factors related to the
speed of a Tink and perhaps control information (average stops per mile and
speed change cycles). To this, the tolls are added at the appropriate 1links.
Except where toll costs are of particular significance, the use of speeds
(travel times) results in a more readily applied and easily understood assign-
ment process.

The speeds used for traffic assignment purposes should not be spot speeds,

but should be reflective of overall travel time between nodes in the transporta-
tion system., For signal controlled streets, the effect of stops and speed
changes should be reflected in the overall travel time (or speed) measurement.
Since most measurements in the field are obtained in terms of time, it is
recommended that time be coded if measurements are directly used for coding
since this is the value used for route building.

Experience would seem to indicate that for initial network impedances, actual

measured speeds are the most used, although "level of service" speeds have

provided good results in some cases. Samplina of Tinks and analysis to apply g%%g%%%sg
these to the universe is done for economic  considerations. In sampling 280p 109
speeds, it would appear that two factors should be considered in selecting

the sample: (1) the number of Tinks in each functional classification and

geographic area reflected in the assignment network, and (2) the volume of

traffic on the links. A stable sample is required for each classification used.
Secondly, more accuracy is warranted for the high volume facilities. However,

one must keep in mind that Tower volume facility speeds also affect the

assignment results of the higher volume facilities.

For assignment networks coded to represent 24 hour travel time, some averaging
of 1ink times through the day is necessary. Most who consider this traditionally
weight their peak runs 1/3 and off peak runs 2/3 to represent an average based
upon the volumes in the peak and off peak periods. The number of runs made on
each facility will normally vary by study. For example, a sinale run can be
made in each peak period with two off peak runs or three peak and three non peak
runs could be made.

Assuming travel times for all links in a system are obtained as described

above, the question arises as to what values of zone-to-zone travel times to
utilize for model (mode split, trip distribution, etc.) calibration. Should

they be the originally coded times or those resulting from the traffic assignment
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calibration process? Adjustments are generally necessary in at least some

of the original network impedances to obtain assignment loadings which replicate
actual 1ink volumes., As described in the next section, this calibration may

be based on the use of manual adjustment to some 1inks, or use of automatic
processes, such as, volume (count) or capacity restraint. The purpose of this
adjustment is to obtain loads representative of the existing traffic volumes.
The models used for distributing trips, distributing land use, etc., utilize
zone to zone travel times from the network which are calculated as the

minimum time path through the network. The assumption can be made that the
initial network coded speeds are most representative of link travel times

since they are based upon actually measured speeds on the system and that link
speed adjustments are accomplished to overcome rather larae differences in

1ink loads which are generally due to rather minor (say 1/10 of a minute)
differences in routes between points. On the other hand, it may be arqued that
the network impedances providing the best assignment are most representative

of zone to zone impedances. If sufficient care is taken in developing

networks and zones which are in the proper balance, it is believed that either
approach to link time use for model calibration is acceptable. This is based
on the assumption that there is 1ittle difference in the trip length distribution
obtained by assigning survey trips to an original coded impedance network or

to a calibrated impedance network. A check of change in the trip length
distribution between original network impedances and calibrated impedances
should be made to satisfy the practitioner that the magnitude of zone to zone
time change is not significant. Generally, if the same criteria are met in
comparing trip length distributions between the initial and calibrated
impedances as used for calibrating a trip model, either the initial or adjusted
system speeds may be used and could be expected to give very close results.

The criteria are: 1) the trip length curves should coincide as nearly as
possible; 2) the average trip lengths should be within + 3% of each other; and
3) person hours of travel (or vehicle hours) should be within + 3%.

In Tooking at future networks, the choices in initial network impedances
becomes wider. Listed below are speeds that have been used for calculating
zonal times for application of trip distribution, land use distribution, modal
split models, etc., in the future year.

- Free flow speeds or design speeds based upon level of service
criteria,

- Speeds based upon the matrix (speed table) developed for the
calibration (base year) network.

- The calibrated base year speeds either by individual link or
speed (impedance) table resulting from the restraint or manual
adjustment process.

The choice of speeds to use should be based upon the purpose of the future
assignments. For example, if future travel desires are to be used for
developing a future transportation system, then Tevel of service or "policy"
speeds should be used. This would result in a desired level of zone to zone
travel times for model application. After a trip interchange matrix has been
developed through application of these desired times, these trips are assigned
to the network. Overloads and underloads throughout the system then are
evaluated and decisions made concerning the addition of new facilities or
acceptance of reduced speeds on over loaded facilities. This process may utilize
the capacity restraint technique. Somewhere in the assignment process, perhaps
when the system appears to be in balance (speed vs volume/capacity), the trip
Tength distribution resulting from the developed trip matrix and the assignment
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should be compared with that developed from the.initial application of the
trip and land use models, If there is a large difference in the actual
shapes of the two distributions or in the average trip lenaths or in the
person (or vehicle) hours of travel, consideration should be given to a
feedback-Toop where the final network impedances are used through the models
developed for land use and trips with a new set of assignments made, If
instead of future travel desires, assignments are to be made to see how
future trips would load on the existing base network as a start for deciding
on alternate future highway locations, then the final impedances resulting
from the base year calibration of the network would be utilized.

The use and application of speeds for network assignment purposes requires
careful consideration. As will be described in the next section, calibration
of a network may include adjustment to input speeds to provide assianed

volumes which are consistent with actual conditions. The results of adjustment
to the speeds may be a set of relative impedances which provide acceptable
assignment results but which are no longer truly representative of speeds.
Absolute values may have no real bearing on assignment results since relative
differences in impedances can result in acceptable assignment volumes. Because
travel time is used for other purposes, such as, input to distribution and other
travel models, and for economic evaluations of alternative systems, it is
extremely important that the use of speeds and/or adjusted speeds (impedances)
be carefully considered.

ADJUSTMENT OF SYSTEM IMPEDANCES

Once a zone-network compatibility is established and realistic impedances are

developed for a base network, the ability to realistically portray existing assignment
volume conditions through the assignment process must be examined. In the caligra-
following discussion, it is assumed that the zone-network adjustments described tion

in the first section of this chapter -have been made.

The assignment process, whether using a single route procedure or a multi-route
process, must select routes between an origin and destination and either load
all trips on-the single best path or proportion these between alternate routes
based upon some relative impedance comparison. Quite often, one route is
selected as shorter than others based upon the minimum time value that may be
coded on a 1link, i.e., 1/10 of a minute. Small time differences may result

in routings that are unrealistic when viewed in relation to what neople actually
do.

Adjustment of system impedances is but one phase involved in the "calibration"

of a traffic assignment model. The calibration consists of adjustments made

such that the assignment model will reproduce actual system loads as accurately
as possible. This process is based on the philosophy that if reasonable results
can be obtained with a reproducible process on the current system, reasonable
results can be obtained on future systems. The ability to reproduce such travel
is related to three elements: 1) the trip data; 2) the network coded; and

3) the assignment procedure itself., Trip data checks are discussed in detail

in the revised "Home Interview Manual" (37) of the Federal Highway Administration.

Network considerations include: 1) the obtaining of system inventory data
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allowing the selection of a network which will fulfill the objectives of

the work to be accomplished; 2) selection of those links to be in the
assignment network based upon the objectives of the work; 3) establishing a
zone-network compatibility; 4) coding as accurately as possible the geometrics
and operational characteristics such as volumes, speeds, capacities, interchange
geometry, street patterns, turn penalties, turn prohibitors, etc.

The assignment procedure itself will have deficiencies which tend to cause in-
accuracies when making comparisons with existing conditions. In most
error from techniques trips are loaded to and from load points (zone centroids) which
assignment may cause difficulties at the surrounding links. These difficulties may be
groceaure caused by not having the proper relationship between zone size and network detail.
Reference should be made to page 73 of this chapter for suogestions relative
to achieving zone-network compatibility. Most assignment procedures assign
by some routing rule which does not necessarily reflect peoples actual travel
choices. For example, picking the single best route and loadina trips on
these is not necessarily the way actual travel occurs. The system impedance is
generally a single parameter (i.e., time, dist., etc.) or a combination parameter
(i.e., cost or time and distance) which does not include all the considerations
made in picking a travel route., These other considerations might include the
number of signal controlled intersections, pedestrian interference, type of
facility preferred, etc.

Some work (38) has been completed in the use of a combination function of time
and distance which has been found to improve assignment results. This work
considers a TD (time-distance) factor based upon the function:

TD factor = TP + D(1.00 - P)
combination
functions where T = time, min;

D = distance, miles; and

P = decimal fraction of weight assigned to time.
Between the values of P = 0 and P = 1, any value of P can be tried until one
is found that will give the best results as determined by the root-mean-square
error for the entire network. Once a value of P is determined, the same value
is used for the entire network assignment. Another function tested is based

on a combination of distance and speed raised to an exponential power, as follows:

Exponential factor = D(K/V)"

1ink distance;
speed, and
arbitrarily selected constant

where D
v
K

I n n

comgare To determine the ability of the assignment method to represent reality, checks
assigned should be made in the base year by comparing assignment results with ground counts.

volumes The differences in comparisons may be due to inaccuracies in the trips used for
Wi th assignment, in the zone-network compatibility established, in the coding of

ground geometrics and operational characteristics (i.e., travel time), or in the counts
counts being used for comparative purposes.

Checking of assignment volumes with counts is usually done by:
1) Comparing VMT and VHT from the assignment with ground counts over
the entire study area and in subdivisions of the study area (i.e.
corridors, rings, zones, or districts) by functional class of
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facility.

2) Comparing volume counts and assianments across synthetic
screenlines, This may be done across long gridlines traversing
the entire area done basically for trip data checking and
across short cutlines for checking corridors, which generally
checks the assignment technique. Refer to Figure III-7,

3) Compare volumes on specific links - generally of high volume.

4) Root-mean-square error comparisons by volume group (see
Chapter 5 - Statistical Measures).

The reader is referred to the revised Home Interivew Manual for the application
of the above technique to trip evaluation and to pages 73-83 of this chapter for
discussion of zone-network balance checking. Assuming trips are accentable

and the zone-network balance achieved, there still may be differences between the
assigned and counted volumes due to inaccuracies in the model as discussed

above, inaccuracies in counted volumes, and inaccuracies in network impedances
and other coding parameters. The assumption is generally made that counts are

to be used as a base, accepting the fact that there are inaccuracies in them
(39). Counts should be examined and a determination made as to a range of
probable error in various volume groupings based upon the counting procedure used.
This knowledge will aid in evaluating the assignment comparisons.

The assignment model and its input parameters (ceometry, impedances, etc.) can

be checked in a variety of ways (screenlines, YMT in small areas, individual coding
link comparisons). The usual method is to build a set of samnle routings errors

("trees") and plot at least part of them for visual examination. This may
indicate errors in coding as well as problems caused by impedance measures. Once
coding errors are eliminated any remaining errors are assumed to be in the
impedance measures.

In most cases, impedance measures must be adjusted after all other checks and
adjustments are made. These adjustments are made manually or by automatic impedance
adjustment procedures such as capacity restraint or volume restraint based on adjust-
ground counts, The choice for manual adjustment of Tink impedances is based ment
upon the reasoning that after all other checks and changes are made, relatively

few impedance changes mast be made and that better control and understanding of

what is occurring is achieved. The more automatic adjustment procedures tend

to examine and perhaps change most, if not all, impedances. The use of manual
adjustment appears to be done most frequently in the smaller urban areas. If

the magnitude of changes appears such that an efficient manual adjustment process

can be achieved, this is recommended over an automatic restraint process. In

areas with population less than 100,000 - 200,000 this appears to be the most

used procedure. The adjustments are made based upon a knowledge and "feel"

of the network and its operation using sample tree plots and comparison of

volume counts and assignments. Voiume/capacity or volume/count ratios could be

used to help determine the direction and magnitude of any required adjustment.

In areas where capacity is not exceeded on most or all facilities, automatic

capacity restraint procedures generally do not improve assignments and may

result in unusable impedances.

Volume {count) restraint or capacity restraint automatic impedance adjustments

are usually made when a large network must be adjusted and the ability to become
very familiar with the character of a network and the effects of impedance
changes become difficult., Some other advantages are that the process
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is reproducible and can be accomplished at a much faster rate than manual
adjustment processes,

Checks should also be made for corridors and individual links. Within
corridors, vehicle miles of travel (VMT) should be compared for assigned
volumes versus ground counts, Based upon this comparison, speeds would be
adjusted on facilities within the corridor (i.e., if under assigned, increase
speeds in the corridor to make it attract additional travel). Individual
links should be evaluated by comparing volumes assigned versus ground counts.
Here adjustments may be made in speeds and/or turn penaities.

urpose of
The purpose of the network calibration where impedances are changed is of E@jﬁiiﬁéﬁi
importance since the process affects other planning processes and may affect
future year forecasts. In most cases, the application of restraint in the base
year is to "prove" that the process can reproduce actual conditions satisfactorily
which provides a basis for utilizing the procedurz in the future. The resulting
network impedances, however, may never be used for any purpose. In some cases,
the finally calibrated network is used for input to calibrate other planning
models, such as for trip distribution and modal split. In other cases, the
uncalibrated input impedances are used. In applying the traffic assignment
procedure to future conditions, the calibration process may never be repeated
in a fashion similar to that used for calibration. For example, if a volume
count restraint approach is used in network calibration there is no question
that the assignment results will be improved. However, if the resultant
impedances are not used for other planning model calibration or for the develop-
ment of future network impedances, there appears to be no justification for
count restraint application. If, however, capacity restraint is used in
calibrating a network, and even if the results are not used for other model
calibration or future impedance development, the application would be worthwhile.
It would prove the process was operating correctly and, as always done in model
calibration and testing, would substantiate that the process will work on future
networks. The same comments apply to manual adjustments made to impedances for
calibration purposes. If the results of the calibrated impedances are not used
or the process is not usable on future networks, then the calibration has not
been worthwhile,

The use of speed tables in calibration of a network and for the development use of
of input impedances for future year networks will be used as an illustration speec
of how calibrated speeds may be used for future system applications. As table

described in the previous section of this chapter, speed tables are generally
produced by accomplishing sufficient field study to classify speeds by functional
classification and location within an urbanized area. Within this classification,
further relationships or sub-classification mav be made, for example, by volume-
capacity ranges. The table is used for coding system imnedances for current

year systems. If, during the calibration, updates of impedances are required,

the speed table is updated each time and the updated values used for the
subsequent assignment. The finally developed table can then be used as a

starting point for future year system coding.

An extension of this approach would be to develop a "policy level" or desired

level of speeds by functional classification and area location. In the development
and testing of alternative systems, one objective might be the development of a
system where a speed table built from the system matches, as closely as possible,
the policy table.
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summary

The purpose of this Chapter was to provide the reader some insight into the
considerations and decisions that must be made in using traffic assignment
techniques. The discussion is not exhaustive due to differences between
assignment techniques that are available and the specific purposes of the
assignments to be made. The areas of zone-network relationships, considera-
tions for network coding and development, and adjustment of network impedances
are, however, basic to the application of most assignment methods. Application
of these methods to urban area, statewide and national study will be discussed
in the next Chapter.

104



CHAPTER IV
APPLICATIONS

The traffic assignment methods described have been used for a wide
diversity of applications. These include applications in urban areas
as well as to statewide and national systems.

Traffic assignment techniques are important tools in the development and
testing of alternative transportation systems. Priority planning procedures
rely very heavily upon assignment results. More and more sub-area and
corridor study and evaluation is being undertaken. Results are used in some
fashion in the design of transportation facilities. The purpose of this
chapter is to describe the application of traffic assignment techniques

as accomplished in the field. Where possible, alternate approaches are
described and recommendations are made when applicable.

APPLICATIONS TO URBAN TRANSPORTATION PLANHING

The application of computer techniques for traffic assignment has been

accomplished mostly in urban areas as part of the urban transportation planning
process. Only recently has use been expanded to statewide and nationwide study.

Initial applications in urban areas (and probably still the reason for most

traffic assignments) are for regional planning purposes. This includes the

development and testing of alternate transportation systems. In recent years,

more emphasis is being placed on the development of an implementation program

or priority schedule. In addition, more detailed study is being made of  traffic
small areas and corridors within a region t0 obtain more precise facility assignment
Tocations and to provide more specific volumes for design purposes. EﬁﬁT%EEETEhS

The developing, testing, evaluating, and selecting of alternative plans is
often referred to as the "Systems Analysis" phase of the urban transportation
planning process. The aim of this phase is to develop a transportation system
plan for an urban area which best contributes to the overall goals and
specific objectives of that area. To accomplish this, numerous alternative
systems must be developed, tested, and evaluated.

Developing Future Systems

The traffic assignment process is most useful as a network evaluation tool in  network

‘the testing and evaluation of alternative systems, Future systems can be evalua-
developed using traffic assignment results as an input to the decision-making tjon
process used to establish alternate systems. However, there is no existing too]

methodology for designing the "best" plan based upon any set of evaluation
criteria. The planner must develop and test alternative systems to search for
workable solutions. By developing and evaluating alternatives, the planner
may investigate and analyze numerous possible outcomes and further refine them.
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In addition to the development of target year alternatives, intermediate year
transportation systems and priority planning are needed to establish short
range expenditure programs.

Two general approaches have been utilized in practice to establish future
systems. 0One considers analysis of deficiencies in the existing plus
"committed" system in some short range period, the necessary facility
improvements and additions to reach stated goals and cbjectives as well as
system performance, and a further extension of this to another intermediate
year or to the target year. The term committed has different meanings to
different people. In some cases the committed system is one where right

of way has been purchased or preliminary design has started. In other cases it
may be lines on an official map developed through some previous process. The
step by step process would be as follows:

- Evaluate the existing transportation system and determine
additions and improvements required to reach some stated
level of service and which helps attain the goals and objectives
established,

- Assign a future year trip matrix, perhaps one-third of the way
between the present and target year, to the system established
in step 1. Evaluate that assignment and determine additions
and improvements required for desired levels of service, goals,
objectives, etc.

- Do the same for a period two-thirds of the way between the
present and target year, evaluating the intermediate system
developed above.

- Using the target year trip matrix, assign to the system
established in step 3 and evaluate to develop alternate systems
for the target year.

The alternate approach, and the one most used by operational transportation
planning agencies, is to assign target year trips to the existing and "committed"
transportation system. This assignment is used as the basis for establishing
alternate target year networks for testing purposes. Intermediate year
networks are developed as subsets of the system(s) developed for the target year
with testing accomplished to establish the intermediate year plans. The steps
in this approach would be as follows:
- Assign target year trips to the existing plus committed transporta-
tion system. The results would be evaluated considering
established goals and objectives as well as performance desired,
- Alternative transportation systems would be established considering
additions and improvements. These would be tested to arrive at
a target year transportation plan.
- Within this plan, subsets would be evaluated in intermediate years
(to establish a staging schedule) to develop alternative possibilities
for transportation system development and intermediate year
transportation plans would be established.

There are advantages and disadvantages in each of the approaches described. The
latter approach does not interrelate short range objectives which may be in
conflict with the Tong range objectives in the development of a desirable

long range plan. Depending upon point of view, this may be an advantage or
disadvantage. One school of thought believes development of a Tong range plan
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should not be influenced by shorter range needs. The long range goals
and objectives are met by the target year plan without adjustments that
might be interjected by shorter range planning. As described on pages 121-126
of this Chapter (Priority Planning) the shorter range intermediate year
plans are developed as integral parts of the target year plan with each
intermediate year plan including some portion of the long range plan
facilities. However, the short range plans developed in this manner may
not be implementable or may not be the short range implementation program
that has already been established by an operating agency (i.e., highway
department). This problem can be overcome through the continuing planning
reappraisal process which aims to keep planning viable with changing
conditions. Regardless of the approach taken for the development of
alternative systems, the reappraisal process insures that target year
as well as intermediate year plans are evaluated and adjusted as time
passes and indications point to necessary changes.

short-range
A problem that should be considered for intermediate year plans is - VsS. long-range
should the system be Tocated and designed considering that the target year plans
plan will be fully implemented or should it be designed considering that the
entire plan may never be fully implemented. The difference in location and
design for an intermediate year system may vary considerably whether
traffic demand estimated for that year is used and whether the target year
system or only the intermediate system is included for testing and evaluation.
Consideration must also be given to the fact that interrelationships between
land use and system in intermediate years may invalidate future land use
plans and future system needs. This only strengthens the need for continued
plan reappraisal as mentioned above.

The approach of building up to the target year has the advantage of
considering short range needs as the more critical and developing each
incremental year plan based upon specific period requirements, The current
year is evaluated and serves as a bench mark against which improvement to
future periods can be evaluated. This approach may aid in integrating

the planning process with the decision making process at an earlier stage.

Operating agencies must usually develop short range capital expenditure

programs (i.e., 2-8 years). Much too often these programs are divorced from planning-
planning study findings since target year only plans are developed. In programming
addition, in some instances intermediate year plans cannot be programmed due iqxarrﬂlﬂjr
to funding Timitations. It is most important that the planning-programming ed

process be interrelated. Programs should be based upon building portions

of desired plans. Likewise, the planning process should be sensitive to the

requirements for short range program development.

Regardless of the approach taken, it is recommended that, as a minimum, the
two traffic assignments that should always be undertaken are:

- Current trips to the existing (current) system recommended
- Future trips to the existing plus committed system aSS1gnmenEs

There are at least three advantages to assigning current trips to the current
system. These are: *

- Appraising the Performance of the Existing System. Performing current
an evaluation of base year conditions represents an excellent tr?hs To

method for determining and reporting upon the existing performance TCyurrent
characteristics of the regional transportation system. Measures EEETEET‘

* Much of the discussion on the following several pages have been taken from
references 55 and 56.
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such as accessibility, speed, volume to capacity ratios,
and so on can be used to isolate current deficiencies,

current which can provide the factual basis needed for an immediate
trips to action program. Such a program may be advocated by a transpor-
current tation study well in advance of developing or updating the
system long range regional land use/transportation plan. Thus, a

useful service is provided, and the credibility of the entire
planning process may be improved.

- Testing Evaluation Procedures, The process of developina, testing,
and evaluating a land use/transportation plan may consume many
months, if not years. The process can be streamlined to a
certain extent by developing evaluation criteria and an
evaluation technique in advance of their application to future
systems, and testing the utility of these criteria and procedures
by applying them to base year conditions. This enakles the
fine tuning of the evaluation system and builds experience with
and confidence in the procedures on the part of both the technical
staff and the policy groups.

- Providing a Key Benchmark Against Which Future Alternatives May
Be Compared. A major problem with much of the planning information
provided through evaluation of future alternatives lies in the
difficulty in placing all this data within a comprehensible
context, For example, a range in system speeds among future
alternatives from 25 to 30 miles per hour may have little meanina
unless current average speeds are known for the sake of comparison.
Similarly, an annual consumption of 150 acres of land for transporta-
tion purposes under a proposed alternative becomes a much more
meaningful number if it is known what the average annual rate for
the past few years has been. Thus, by comparing future alternatives,
not only to each other, but to current conditions, a valuable
frame of reference is provided facilitating more intelligent

judgment.,

Traffic assignment of future travel to the existing plus committed system
future provides an indication of the do-nothina alternative. Too often planners fail
trips to  to clearly indicate to policy officials and to the public the consequences of
current completely halting the program of transportation improvements within an urban
system region, While such an action may appear unthinkable, recent experience with

controversial transportation projects within urbanized areas has shown that the
burden of demonstrating the need for a sustained program of capital improvements
rests squarely with those government agencies and officials who have such
responsibilities. Unless we can demonstrate the consequences of doing nothing,
it will become increasingly difficult to do anything., However, it is )
important to consider that such an assignment of future trips to the existing
plus committed system can be misleading as well as helpful, since the future
trip table is based on a projected land use pattern which probably would not
develop if the transportation facilities were not built to provide the
appropriate level of access.

. This assignment should be handled carefully. Committed systems may be committed
committed t5 various degrees, For example, a line on a map where no other action has been
system taken, such as location, design, and possibly right-of-way purchase, should

not be considered as committed since the planning process may find other
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facilities better suited to meet the goals and objectives established.
Plan development should not be constrained by facilities established by
some ad-hoc process that located facilities which really do not fit an
averall transportation plan.

While the evaluation of current conditions and the do-nothing alternative

are to be strongly advised, the principal focus of the evaluation process glan

should be the discrete number of land use/transportation alternatives evelopment
which emanate from the plan development and testing phases. These alternative

plans should become the object of an intensive series of probing analyses

which are designed to evaluate the worthiness of each and result in the

selection and adoption of the most desirable plan.

[t is important to consider as broad and as imaginative an approach as possible
when developing alternative solutions to transportation problems. A first

step is the identification of community values and goals. The second sten

is coordinated land use and transportation planning. Actual plan development
and the generation of alternatives result from sketch planning, which is the
drawing of possible alternative networks. Another technique involves the
concept of composite network (see below). These networks are then tested

using the various analytical planning tools.

A prerequisite for the development of a comprehensive transportation plan is

a thorough knowledge of the land use patterns which the transportation network
will serve, The land use plan is usually developed as aninteaqral part of the
transportation planninao process but may come from other sources. Regardless
of the source, implementation of the transportation and land use plan must be
done jointly since one plan will have a direct effect on the outcome of the
other,

There are many different patterns of agrowth which may evolve in a number of
urban areas. The future transportation system should be designed to imnlement
as well as serve the land use plan that has been determined to be the most
desirable for the urban region. There are numercus types and varieties of
land use plans or patterns of urban growth., Every city represents a unique
variation of one kind or another.

Sketch planning is a popular and widely practiced technique used to develop sketch
alternative plans. The method, which is more an art than a science, relies E]ann1ng
neavily on the skill, understanding, and wisdom of the people involved. A

team of experts develops alternative plans using information on desirable

standards, and receives guidance through the actions and policy statements of

the Tocal elected officials. A sense of community values, needs, likes, and

dislikes are also important, The designers should also try to emphasize

different types of networks. Consideration should be given to freeways,

arterials, traffic engineering projects, and transit to serve the travel demand.

One set of alternatives should emphasize a freeway solution, another arterials,

and a third, transit. The fourth set of alternatives should look at combina-

tions of the other three. The desirability as well as the feasibility of major

vs. minor construction should be considered.

A more analytical approach to sketch planning has been developed by Koppelman (40)

for the Tri-State Transportation Commission and expanded for application
nationwide by the FHWA (41). In tais approach, various mixes of facilities
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are postulated on an urbanized area basis (may have subareas such as CBD,
rest of central city, inner suburbs, remainder). These would consider ranges
of transit use as well as mix in freeways versus other arterials, etc. For
each mix, user as well as non-user benefits and costs may be derived and
evaluation of differences performed. The results of this process would

be a starting point for the development of alternative networks for more
exhaustive testing by traffic assignment methods. The process is also

useful in examining impacts, resulting from mixes in facility types, such

as air pollution. The Washinaton Metropolitan Area Council of Governments
has utilized such an approach for sketch planning and development of pollutant
emissions (42).

The following is an example of an approach taken by several agencies. An

approacies assignment of target year travel is made to the existing plus committed

to s!stems
evaluation

conposit
networ

analzsIS

system. The system is evaluated by comparing volume to capacity on the
system links as well as evaluating system speeds. System criteria established
might be that overall system speed (total travel distance on the network
divided by total travel time) should be greater than XX miles per hour and
that the volume to capacity ratio should be better than that expressed by
Tevel of service C as defined by the "Highway Capacity Manual - 1965" (16) on
at least XX% of the system. The first changes to the system are traffic
engineering improvements aimed at increasing capacities and speeds. After
these are made, the traffic engineering improvements are broadened to include
some reconstruction and extensions of system. An assignment might now be
made to allow evaluation of the improved system usina the v/c and speed
criteria, If the goals established were now not met, new facility additions
would be made in developing alternate systems for testing.

Another approach which has been utilized is to develop a number of conceptual
plans where each concept is a different mix of facility types and/or types

of improvements (i.e., freeways, arterials, traffic enaineering improvements).
These concepts are developed based upon an evaluation of target year trips
assigned to the existing plus committed system. The concepts are tested and
evaluated and one concept selected for further evaluation. A number of
alternative plans are developed and tested within the constraints of the
concept selected. Three concept types might be: 1) Freeways - high traffic
service; 2) Surface street improvements and additions - Timited new freeways;
3) Intermediate traffic additions and new freeways.

An interesting method used for evaluating capacity deficiencies in both
existing and future networks is the assignment of 0-D desires to a system

of gridlines (43). An accumulation of desires across each gridline segment is
compared with an accumuiation of capacity across each gridline seament. Fiqure
IV=1 illustrates a set of gridlines and desire lines and the surmarization
accomplished. Figure IV-2 shows a comparison of accumulated desires and
capacities on the basis of Tane deficiencies and surplus at each aridline or
"analysis line"., This result would be evaluated to determine the corridors
where additional capacity might be required.

An approach which has considerable merit in the development of alternatc systems
is referred to as "Composite Metwork Analysis". This entails qathering plans

for future systems from the jurisdictions in a plannina area and testing alterna-
tives which are primarily combinations of these proposals. The most important
plus of this analysis is that all jurisdictions are involved and can contribute
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ideas as to system to be tested. This may result in support of the idea
through the planning process resulting in inclusion of the idea in the

plan. Modifications to the idea or exclusion of the idea from the plan
based upon evaluation through the recional planning process may also result.
The basic steps in the process are:

Gather plans from jurisdictions and agencies. A1l the Tocal
jurisdictions, agencies, and institutions, such as, county

and city governments, the State highway department, department
of parks, etc., are contacted and asked to elaborate on any
proposed new or improved transportation facilities they would like
to see constructed within the next 20-25 years.

Superimpose these over an existing pnlus committed plan in the
assignment network.

Have the regional planning staff speculate on other system
possibilities that they would 1ike to test and which were not
previously included.

Define Tinks and "planning Tinks". Planning links are logical
combinations of regular Tinks along a route.

Code the existing plus committed plus composite links.

Call for alternative combinations via the computer for testing
and evaluation.

A computer program "Composite Network" has been written to develop these
alternative networks from the composite. The program appears to be very
efficient and makes it easier and quicker to prepare alternative networks

for testing.

It also reduces the chance of network errors. Another important

composit
networ

analysis

aspect of this approach is that all affected jurisdictions are able to participate.
Each has their "say", their plans are tested and supported by factual data,
and are either incorporated wholly, modified, or excluded from the feasible
alternatives which enter the evaluation phase.

In addition to the various approaches to plan development described above,
many tools and analyses have been developed to aid in plan analysis and

development.

Some of these are:
Selected Tink analyses - a segment of network is evaluated in
relation to the origins and destination of the trips using that
segment., These trips may then be displayed and the true beginning
and ending of each (by zone or group of zones) shown. This may
well bring out ideas for improvement apparently unrelated to the
congested route, but well suited to the true travel desires of
trips using the route.

Spiderweb network assiagnment - a spiderweb network is a purely
hypothetical connection of equal speed Tinks connecting zone
centroids to form a rather dense net over the region. Trips
assigned to such a network give a better display of desires than
those assigned to the existing and committed system, since the
spiderweb network is not constrained by where routes are located
or the time it takes to traverse them, Thus, while such an
analysis does not show the true origin and destination of trips,
it is a good representation of accumulated desires for travel.
Display of selected trip interchanges - it is possible simply to
display all trips between selected areas. For example, one may
want to examine the origins of all trips ending in the "downtown"
area (helpful in developina transit improvements). Or, one could
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determine how many trips go from the central business district

to the airport, or what trips pass through downtown but are

not really going to or from there (bypass possibilities). In

its various forms, this tool is quite useful in system development.
- Assignments by purpose or trip length - it is sometimes useful to

examine the purpose (work? shop? recreation? etc.) and the lenath

of trips. An assignment of only work trips, for example,

would be helpful in developing transit improvements. An

assignment of only trips longer than X miles could be helpful in

determining whether an improvement should be a freeway (for longer

trips) or a series of arterial upgradings (for shorter trips).

The development of future systems described above is an integral part of plan
development, testing, and evaluation. Testing and evaluation include economic
and goal oriented measures and for this reason have been separated from plan
development in the next section.

Testing and Evaluating Alternative Systems

Testing and evaluating alternative systems is an integral part of the plan
development - testing cycle. The process consists of the development of
alternatives, testing and evaluating the alternatives, and developing
additional alternatives based upon the testing and/or evaluation. The steps
in a single cycle that might be used through alternative development, running
the models, and testing may be summarized as follows:
Step 1. Make a crude forecast of travel (either future year - target
or intermediate depending upon network development procedure used)
and assign to the existing plus committed system.

Step 2. Identify overloaded corridors and facilities.

Step 3. Develop a system to serve this excess demand guided by the goals
and objectives which have been adopted.

Step 4. Develop an immediate action plan,

Step 5. Using the heavy auto travel corridors as a guide and analyzing
the existing transit service in each corridor, develop a transit
system to operate in conjunction with the highway system.

Step 6. Using the system developed, distribute the urban activities.

Step 7. Generate and distribute person trips.

Step 8. Split the mode of travel.

Step 9. Convert persons in autos to vehicle trips and assign to the

highway network.
Step 10. Assign trips to the transit network.
Step 11. Test the systems and adjust to insure proper aperation.
Step 12. Recycle 1-11 above.

To begin the testing phase, all the forecasting models (i.e., trip generation,
modal split, land use, etc.) which were prepared are "run" (executed), usually
using the "existing plus committed" system or perhaps just the existing system
as a first trial network. The zonal land use distribution (land use model or
procedure) is estimated and the trip ends by zone (trip generation model) are
estimated from the land use inputs. Inputs to the trip distribution model are
the trip ends by zone and the impedance from this first trial network. In
practice, the modal breakdown of these trips may be determined (modal split
model) or may be ignored for this first trial, depending on how "significant"
the transit portion of travel is thought to be in the area. This results in an
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estimate of travel demand (by mode or total) for this particular trial system,
the "existing plus committed" - or just existing system. A "free" assignment
of these trips to the network ends the usual conduct of the model run portion
of the testing phase.

The next portion of the testing phase entails the determination of whether
this trial system is at Teast acceptable in light of the evaluation criteria
and constraints. In practice, it is usually only necessary to apply the most
fundamental of the travel service type evaluation criteria to this existing
plus coomitted system to identify deficiencies. This is usually the "minimize
congestion" objective, with its measure, (volume over capacity), and its
constraint (some level of service). Other goals and objectives and trade offs
between these should also be considered, where required. Some useful displays
have been developed by various studies to help identify capacity deficiencies.
Examples are:

- Simple displays of volume to capacity on links.
Displays of volume to capacity in grid corridors.
Displays of volume to capacity in radial corridors.
Other selected corridor displays.

The above displays may be actual values or values converted to a color range
for display, converted to band widths, or a combination of color and band
width. Assuming (as is usually the case)that this measure shows deficiencies,
then it is not necessary to examine all the other evaluation criteria for
this trial. However, examination of the other evaluation criteria may be
desirable to provide insight into values developed prior to goina back to

the development phase for the formulation of a new trial system.

This process continues with the development and testing of more and more evaluating
refined alternates. Alternates which appear unacceptable are weeded out as alternative
the number of alternates expand. The development and testing ends with a  systems
manageable number of alternatives. These alternatives are then treated in

the evaluation phase. The evaluation phase usually includes detailed evaluation

of the alternatives using the goals and objectives established as well as an

econemic evaluation of the systems passing the development-testing phase.

The evaluation of alternative transportation plans is a process which attempts
to measure the ability of plans to achieve stated transportation goals and
objectives. It, therefore, is necessary to delineate transportation goals and
objectives within the framework of more general development objectives before
the evaluation process begins. Actually, goals and objectives should be
developed early in the planning process and used in plan formulation as well
as in evaluation.

The goals of a region should be those of the people and not of the planning
staff. It is, therefore, desirable to involve the largest possible number of
people in their formulation., Policy committees, technical committees, and
broadly based citizen committees representative of the community have been
used successfully in this area. Some studies have taken surveys, sponsored
discussion groups, or held public hearings to assist in developing community
goals and objectives. It is important that these goals and objectives be
formally adopted by the policy making bodies of the region.
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Evaluation criteria represent the standards by which alternative plans are

evalua- judged in terms of their ability to satisfy adopted goals and objectives,
tion As such, they are the basic yard sticks for measuring those attributes of

criteria each alternative which have been identified as having a strona bearing
on the ultimate selection of a plan. As stated earlier, it is the responsi-
bility of the professional staff to indicate possible criteria in each goal
area, to develop the necessary information in an objective and reliable way,
and to furnish this information to policy groups in a comprehensible manner.
The final selection of evaluation criteria, however, should be made by the
policy group after it is fully briefed as to what possibilities exist.

There are three basic types of evaluation criteriatcostable, quantifiable,
and qualitative. They may be defined as follows:
- Costable Criteria - Those criteria which can be measured in
terms of dollar costs and benefits.,
- Quantifiable Criteria - Those criteria which may be measured
directly in terms of numerical quantities.
- Qualitative Criteria - Those criteria which may be described
directly only according to subjective means (but may ultimately
be quantified somewhat through ranking and scaling techniques).

Table IV-1 shows several examples of each type of evaluation criteria as they
reflect system, user, and external attributes of each plan alternative.

Many of the evaluation criteria shown in Table IV-1 are either output from
the assignment process or are input to the traffic assignment process. For
example, private vehicle operation costs are dependent upon the volumes
assigned to each classification of facility. Traveltime costs are developed
from the total vehicle hours spent on the system. Accident costs are
derivative of vehicle miles of travel by class of facility. Miles of system
by class and location may be summarized by most assignment program systems
as well as transit seat miles. Air pollutant emission estimates result from
application of emittant rates to volumes, speeds and vehicle mix. Average
freeway spacing and transit vehicle headways are input to the assignment
systems. Accessibility measures are derivatives of minimum route calculations,
vehicle miles of travel, trip length, and effective speed. A1l of these are
direct results of the assignment process.

Much of the evaluation accomplished in the past considered economic characteris-
tics and paid 1ittle attention to non-costable criteria. New techniques have
evolved over the last Several years which incorporate non-costable criteria.

Before discussing these newer techniques, a summary of economic evaluation will
economic be provided since it is here that direct traffic assignment input and outnut
evaluation are used. Much of the information has been summarized from notes prepared as part of

an FHWA Urban Transportation Planning short course.

The economic evaluation usually consists of the following steps:
- Identification of testable criteria. These usually include:
direct costs (R.0,W., construction, maintenance); user costs
(accidents, time costs, operating costs); non user costs (loss
or gain of taxable lands, changes in economic activity, etc.).
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TABLE IV-1

EXAMPLES OF EVALUATION CRITERIA (56)
Type of
Attribute
Costable Quantifiable Qualitative
System « Construction * Miles of System by Aesthetics
« Right-of-Way Class and Location
«Transit Vehicles e« Transit Seat Miles
«Maintenance « Average Freeway
« Transit Operations Spacing
«Transit Vehicle
Headways
User * Private Vehicle « Accessibility Measuresf«Comfort
« Operation «Vehicle-Miles of «Convenience
« Accident Costs Travel *Visual Aspects
« Traveltime Costs sPercent Transit Use from the Road
(Through Value of «Trip Length
Time) sEffective Speed
« Fares
{[External « Change in Property «Air Pollution *Neighborhood
Values - Number of Dislocations{Disruption
« Tax Base « Land Consumption *Psychological
. Extra Relocation « Noise Attitudes
Payments
« Construction of
Replacement Housing
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2) - Estimation of costs over time for each alternative -

- Direct Costs - These are usually calculated for additions to
the existing and committed system that are necessary to
complete each alternative.

- User Costs - After an assignment to some alternate, speeds are
adjusted to be compatible with the volume/capacity ratio on
each 1ink. With a knowledge of the volume, length, facility
type and speed, costs per vehicle mile for accidents, travel
time, and vehicle operation can be calculated based upon
tables summarizing such costs. Computer programs are available
for taking assigned loads and calculating user costs based upon
supplied cost value functions (15). Excellent information on
user costs can be obtained from the book Economic Analysis for
Highways by Robley Winfrey (44). Travel time costs are based
upon network time between zones and some measure of cost/hour or
cost/mile for time expended in travel. Often, the time measure
is varied by trip purpose.

- Non user Costs - These are usually not included in economic
evaluation since it is very difficult to arrive at actual cost
figures to use. These are discussed later.

3) - Reduce costs to a common time base - selection of an interest rate
is the prime determination. The three primary considerations
in this selection are: MWhat the tax payer could realize from
other investment; what government could realize from other
investment; relative risks between types of investment. The
common time base to which costs are reduced is usually either the
equivalent uniform annual cost (EUAC) or the present worth (P.W.).
4) - Compare the Alternatives. There are four commonly used methods
of making such a comparison. If correctly carried out and
interpreted, all will yield the same "best" plan on a costable
criteria basis. These are:

- - - In this method, the

total EUAC (ROW + construction + maintenance + road user) is

computed for each alternative, and the alternative havina the

lowest total EUAC is selected.

- Present Worth of Costs Method - - In this method, the total PW
(ROW + construction + maintenance + road user) is computed for
each alternative, and the alternative having the lowest total PW
is selected.

- Benefit/Cost Ratio Method - - Benefits and costs are always in
terms of one alternative compared to one other alternative. Benefits
are the road user + maintenance EUAC of one alternative minus the
road user + maintenance EUAC of the other alternative. Costs are
the ROW + construction EUAC of one alternative minus the ROW +
construction EUAC of the other alternative. The ratio of benefits
to costs defines the incremental benefit cost ratio of one
alternative over the others, The method of selecting the "best"
plan is to begin with the existing plus committed system and,
proceeding stepwise to higher cost (EUAC of ROM + construction)
alternatives, calculate the incremental benefit cost ratio for each
consecutive pair of alternatives, Alternatives not having at least
an acceptable B/C ratio (usually = 1.0) aredeleted (unless non-costable
criteria indicate otherwise) as this stepwise process is conducted.
The last plan encountered and not deleted in this stepwise procedure
is considered economically the "best".
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- Rate of Return Method - - This method proceeds incrementally
as with the B/C method, except that one solves for the interest
rate which makes the benefits equal the costs for each
consecutive pair. The "best" plan selection procedure is similar
to that for the B/C method, except that 1.0 is not used as the
cutoff of acceptability, but the acceptable interest rate
(say 10 percent) is used. This method is a good tool in aiding

decisions, but the computations become quite difficult cash flow

problems.
o ) . evaluation
In addition to the type of costable economic evaluation undertaken as procedures

described above, there are others which may prove valuable in evaluating alter-
nate systems. Much of the information has been summarized from notes prepared
as part of an FHWA Urban Transportation Planning Short Course.(55,56)

- Plan Information Matrix - this method involves listinag of all
previously established evaluation criteria (costable, quantifiable,
qualitative) and the tabulation of all raw unadjusted data
associated with each plan for each criterion. There are no
weights, rates, ranks, or scores applied to these. This
facilitates the process of tradeoffs and compromise in terms
understandable by everyone.

- Value Profile Method - This consists of the drawing of profiles
for various plans showing their relationship to evaluation criteria
in a graphical form. In applying the process, each criteria is
represented by one element corresponding to satisfactory fulfill-
ment of the goal and a reciprocal value representing an undesirable
situation. By plotting more than one profile on tiie same figure
(eact representing a plan), a graphical presentatior of alternatives
may be made winich anpears to have particular merit in presentations
to Taymen.

- Rank-Based Expected Value Method - In this method, plans are ranked
in accordance to their ability to satisfy standards within a given
objective. 'The objectives are ranked in order of importance. In
both cases, the most desirable situation is assicned the highest
rank number, The probability of implementina a plan is brought
into the analysis through an adjustment of the plan score by
the probability of implementation.

- The Value Matrix - This method is an extension of the rank-based
expected value method in which the goals, objectives, and evaluation
criteria are weighted to reflect their relative degree of importance.

Cnce plans have been tested and evaluated, a.plan is proposed for adoption.
Using this plan for future work includes priority planning, detailed studies
in small -areas and corridors, as well as, development of desion volumes.

continuin
The plan development, testing and evaluation, as well as, the more detailed ‘evaluation
study should not he considered a static process which once done is completed.
There should be a continuing reappraisal of work accomplished. The continuing
plan evaluation process may be shown by the “low in Figure IV-3,
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Priority Planning

The Urban Transportation Planning Process represents a systems approach
to the problem of developing and implementinc balanced transportation
systems capable of handling travel demand. The steps in the process,
briefly stated, are as follows (see Figure I-1):

step 1 -

step
step
step
step
step
step
step
step

wLoo~NOTPEwWwmMN

Collect planning data

Develop and calibrate planning models
Forecast travel demand

Develop alternate transportation networks
Evaluate alternate transportation networks
Recormend network for implementation
Develop implementation program

Implement recommended facilities
Continuing elements

A great deal of work has been accomplished and computerized procedures

established to assist the transportation planner in accomplishina steps 1-6
above. In reference to step 7 - Develop Implementation Program - the absence
of a generally used procedure (in particular a computerized procedure) is

noted,

This section discusses the problem of developing an implementation proaram
It attempts to point out the complexity of the problem and
The methods discussed have been successfully

or priority schedule.

discusses

some approaches.

applied and have been computerized.

The development of an implementation proaram follows the adoption of a

recommended transportation system.
a Priority Planning Analysis.

benefits are implemented first.

facilities cannot be implemented simultaneously.

The obvious question at this point is - what are the factors that should be
included in the Priority Planning Analysis?
a pertinent factor; safety is obviously another,
intangible factors are disruption to the community, system continuity, and

service to the disadvantaged. Other criteria that may be considered include:

Usefulness in correcting existing problems
Service Provided

Enhancement of functional systems

Integration of improvement into existing system
Effect on land use development

Consistancy of annual expenditures

Coordination with other urban procrams

Degree of importance of right of way acquisition

The proaram is developed as a result of
The objective of this analysis is to develop
a priority program such that the facilities that come closest to maximizing
This analysis is necessary since all proposed

priority
annin
analzs1s

Transportation system user cost is
Among the somewhat more

When considering short range priority improvement programs the following criteria
might be considered:

Total Annual User Costs
Traveltime costs
Vehicle operating costs
Accident costs
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- Number of accidents

- Dwellings taken

- Business disrupted

- Vehicle-miles of travel

- Vehicle-hours of travel

- Route cost

- Potential increase in route cost
- Rate of traffic growth

An expanded 1ist of priority planning factors does create a problem for

the transportation planner in determining the combined effect of all
pertinent factors on the priority rating of an individual facility. For
example, the transportation nlanner, given five proposed facilities, could
quantify and rank the 1link that maximizes the reduction in travel cost or
some other pertinent factor by including each Tink, one at a time, in a
traffic assignment analysis and quantifying the individual results. It can
be seen that as the number of facilities increases, the cost of this type

of assignment approach would be prohibitive. Furthermore, it does not

allow for the combined effect on the priority rating of more than one factor;
e.g., travel cost and safety. In addition, it would not consider the

effect of varying importance of the individual factors. For example, safety
may be considered as say four times more important than travel cost in the
priority rating.

The scope of the problem is great and there is need for an automated,
reproducible method of developing priority ratings considering more than one
factor and factors of varying importance.

One approach which has been applied te develoning a priority implementation
program is to develop a computer program cabable of evaluating hundreds of
links each containing priority ratings for up to 20 pertinent factors
simultaneously (45). The approach is generally as follows:

- A set of factors considered pertinent is selected. Some of these
factors represent typical planning process output; e.g., volume,
capacity, user cost, etc. Others represent typical sufficiency
type data; e.g., life of structure, Tife of pavement, etc. Still
others are included to account for factors such as safety and
service, In practice, these factors should be developed to be
consistent with and representative of the objectives of the study.

- Each 1link in the transportation system is then quantified in
terms of the selected factors. The quantification is expressed
in terms of ratings, for example:

Link Factor Scale Used Rating Assigned
A]-B1 Life of Structure 0-30 10
Life of Pavement 0-20 15
Time 0-10 1
Safety 0-100 53
{Ete:..)
A2-82 (Similarly)
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For example, the Tife of a structure may be set at 30 years. The rating
would be based on the actual age, in the above case 10 years.

- The prierity nlanning data are then input to a computer
program that has the capability of converting all ratings
to a common base (different scales were employed for user-
ease of operatior), processina all links and generating a
table of priority ratinos; e.a.,

Priority

Rank Link Rating
1 A1 - B] 3.92
2 A2 - 82 3.86
n An - Bn 3.01

- Other runs are made to account for varying importance of
individual factors. For example, safety could receive a
weighting value of 4.00 while other factors were held to 1.00.
Qutput similar to that shown above is gererated except that
the priority rating now renresents a weighted value. This
program capability also allows for sensivity type analyses;
e.g., what impact does doubling the effect of community
disruption have on the implementation sequence? Community
disrunticen micht be measured in terms of number of families and
business establishments moved due to a rew project. In practice,
the weighting factors should be developed to be consistent with
and representative of the qoals of the study.

The technique described above is but one that has been employed. It was used
as an example because .it has proven satisfactory, is computerized, and accounts
for such things as weighting and semi-cuantifiable factors.

Cnce a plan has been selected, a priority nlanning schedule using a scheme E%igﬁiil
similar to that described above should be established to allow phasina of E_Sﬂ%l%g
construction. Assuming a 20 year nlan, it would be desirable to determine Schedu’e

those facilities to be constructed over shorter time periods, pernaps
considering 5-7 vear increments. This can be based on short ranane forecasts.
"The Developing Future Systems" section of this Chapter describes some methods
of developing long range plans and short range subsets within the long range
plan. Obviously the dollar availability for implementing portions of the plan
must be established for each increment. If facilities are listed in order of
priority, along with their implementation costs, the facilities that can be
built with available funding can be established. There are two general
approaches which might be considered in applying a priority planning procedure,

(1) Considering the target year (i.e., 20 year plan), array facilities in
order of priority established and determine facilities to be built in each
period depending upon funding availability. This procedure assumes the plan
will actually be completely built. However, the process is not straightforward,
The priority developed is based upon the entire plan being in place. If for
example, a plan consisted of 25 projects, the first 5 in the priority order
might not be the most desirable to implement first if the projects 6-25 are
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riorit not in place. The priority schedule is dependent upon a total system. An
g?”'7{r¥hm approach to overcome this difficulty might be as follows. Assuming a target
5335135-- year plan, projects are grouped considering factors such as continuity of route,
serving of special objectives and goals, the results of the priority ranking
system, funding available, etc., into some smaller group of proaram modules
(i.e., less than 5). Traffic assignments are made to combinations of these
modules being in place and the ranking system is then utilized to determine
a priority planning scheme between modules.

The following example illustrates this approach, Assume a taraet year plan
consists of the 25 projects listed in the Table IV-2.

TABLE IV - 2
PRIORITY RANKING EXAMPLE

CONTINUITY CONTINUITY

LIk RATING  RAuK OF ROUTE LIEK  PATLNR  RARY OF ROUTE
100-101 8.0 ] o0R-217 4.3 13 0
101-102 7.3 2 1002-9€1 4.9 14 r
286-520 7.8 3 5 962-063 3.9 15 r
£31-833 7.5 4 c 263-N64 3.6 16 r
102-103 7.0 5 064-265 3,2 17 F
833-034 6.5 6 C 910-922 3.0 18 g
£34-535 6.2 7 C 922-040 2,9 19 N
835-836 6.0 8 c 940-241 2.7 20 n
529-530 5.8 9 5 241-942 2,3 21 D
530-531 5.2 10 5 421-422 2,0 22 F
531-532 5.1 n 5 422-423 1.9 23 F
103-104 4,7 12 A 423-424 1.8 24 F
424-425 1.7 25 F
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The rating would result from a priority ranking system as described
previously. This would estabtlish a project ranking. The other factors (here
continuity of routes was used) would be used to group the projects into
program modules, The result of this might be a table as shown below:

PROGRAM MODULE AVERAGE RATING $ cosT
A 6.9 ¢ 8,067,000
B 6.0 14,622,000
c 6.5 6,037,000
D 3.0 8,230,000
E 3.9 4,800,000
F 1.8 6,200,000

$ 47,956,000

If, for example, the funding to be available for three phased periods were
$15,000,000 per period, a logical grouping of programs could be established.
The possible groupings might be:

PROGRAM MODULES $ COST
A+ C $14,104,000

B 14,622,000
D+E 13,030,000
F 6,200,000

In grouping modules, one should strive to maintain high priority ratings, ToO
group module A with F ($14,267,000) would result in a lower rating than if A
was grouped with C. Likewise grouping D and E should result in a higher rating
than grouping D and F, Using the above four groupings of program modules,
traffic assignments to the system containing reasonable combinations of the
module groups could be undertaken to determine the most efficient priority
planning schedule,

The result of this analysis would indicate the program module to be implemented
first and would consider both the inclusion and absence of other program modules
of the total plan. This information should be sufficient for the recommendation
of an implementation schedule.

(2) Once a target year plan has been developed, the shorter range effects
of implementing portions of the plan can be examined to aid in developing a
priority program. The approach described above (1) can be utilized to develop
the program modules. The program modules are then used in traffic assignments
to the intermediate year to determine priority on a shorter forecast basis.
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Since differential growth may be occurring geographically in an urban area
over time, it is very possible that the intermediate year assignment would
indicate a different priority plan than the target year analysis. The
traffic assignments to the target year system (all modules in the system)
would be compared to the assignments to the projects in the module programmed
for the first period., It may well be that volumes in the intermediate year
will be greater than shown for the taraet year since all planned facilities
would not be available at that time. These differences would be evaluated
and a determination made of capacity to be satisfied dependent, to a great
extent, on the probability of the entire plan being finally implemented,

One school of thought considers that the higher capacity requirements which
may occur on intermediate year links if the entire system is not constructed,
should be accomodated since this will handle the traffic whether or not the
entire system is ever constructed. Others argue that the proarammed modules
should always be considered part of the entire plan and capacity be provided
on this basis.

A more traditional approach to priority planning which has been used is to
develop incremental plans (5 year, 10 year, 15 year) within an adopted 20

year plan. This process would proceed as follows. After alternate target
year plans are developed and evaluated, a 20 year plan is selected (see pages
105-120 of this section). A five year trip table is developed and assignments
are made to the existing plus committed network to determine congested
locations. Sections of the 20 year plan are introduced and tested in
establishing a five year construction schedule. The next step is to develop

a 10 year trip table and assign this to the existing plus committed plus 5
year required development network, The system is evaluated and additional
sections are selected from the 20 year plan to arrive at a 10 year construction
schedule. The same process is followed to establish the 15 year construction
schedule., The construction (or priority) schedules established are constantly
monitored and updated along with other transportation study updates in the
continuing reappraisal of systems and forecasts. A diagram of the above process
is shown in Figure IV-4,

The beginning of this chapter has discussed the development and testing of
alternate transportation systems. The remainder of this section will provide
information on sub-area study and corridor analysis as well as the development
of design volumes.

Sub-Area Study, Corridor Analysis

There appears to be increased interest in and application of traffic assignment
techniques to detailed analysis of specific network and related problems. This
has resulted from a change in emphasis from plan development to the evaluation
of specific corridor needs, special detailed area study, and other service
functions, such as, providing volumes for design purposes. Recognizing the use
of transportation planning results for design purposes provides stronc impetus
to such detailed analysis. Assignment techniques applied on a small area basis
provide a host of study possibilities. The following areas of application have
been used in the field:
- Evaluation of the ability of a local arterial system to handle
freeway ramp discharages,
- Examination of transportation demands resulting from the redevelop-
ment or rezoning of areas within a city.
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DEVELOP
FUTURE SYSTEMS

1

TEST
ALTERNATE
PLANS

CONTINUING
STUDY REAPPRAISAL

(1)

(2)

(3)

(4)

20 YEAR PLAN

ASSIGN 5 YEAR TRIP TABLE TO EXISTING +
COMMITTED SYSTEMS

TEST ALTERNATES FROM 20 YEAR PLAN

5 YEAR CONSTRUCTION SCHEDULE

ASSIGN 10 YEAR TRIP TABLE TO E XISTING+
COMMITTED + 5 YEAR PLAN

TEST ALTERNATES FROM 20 YEAR PLAN

10 YEAR CONSTRUCTION SCHEDULE

ASSIGN 15 YEAR TRIP TABLE TO E XISTING+
COMMITTED + 10 YEAR PLAN

TEST ALTERNATIVES FROM 20 YEAR PLAN

15 YEAR CONSTRUCTION SCHEDULE

FIGURE IV-4

METHOD FOR ESTABLISHING PRIORITY SCHEDULES
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- Determination ot the impact of a large plant on the surround-
ing transportation system.

- Determination of intersection design and control equipment that
would be necessary to handle changes based upon a new freeway
or expected land use changes.

- Study of access to proposed large sites such as a college or
university.

- Development and analysis of new town plans,

- Detailed evaluation of ramp spacing and facility location within
a corridor.

- Development of detailed information for interchange desian.

- Supply data for air pollution studies.

The detailed analysis appears to place emphasis on the need for small zones
and detailed networks in the special area under study. Also, a greater
significance must be placed upon use of capacity restraint functions and the
coding of detailed network characteristics such as turn prohibitions, turn
penalties, and geometrics. In many small area analyses peak hour assignments
must obviously be considered.

There has been considerable study of detailed areas in the past. However, these
have generally relied upon results from regional level assianments. Evaluation
in the detailed areas has been accomplished through the use of hand analysis,
adjustments, and distribution to facilities not in the region-wide network.

In the future, it appears that assignment techniques will be used to a greater
extent in detailed area evaluation and study. Indeed, this will be necessary

as emphasis is changina from regional plan development to a viable and workable
process that relies heavily on short-range corridor analysis and design impact
studies.

Much of the increased interest in small area detailed study appears to be from
counties, cities, and towns within regional transportation study boundaries.
The regional studies have of necessity developed zones and networks on a level
required for regional study. This generally does not provide what the sub-area
counties and cities require relative to detailed planning characteristics.
There is much interest at this level of government to study, in detail, the
transportation implications of the regional systems being developed on their
areas. Many regional studies have already geared up to support these Tocal
applications through providing data, computer support, and technical know-how.

Chapter III, pages 73-83 , Zone Network-Relationships, provides some backaround
relative to zoning and network selection for detailed area study.

In application in one regional study, sub-regional studies are generally based
upon a 3 or 4 to 1 increase in the number of zones and correspondina increase in
network 1inks. The detailed area network usually includes all arterial streets
and most collectors, but generally few Tocal streets. It is estimated in this
particular study area that approximately 25% of the total street system is coded
for the regionwide assignments and about 60% is coded for sub-reagional assignments.

In most current studies trip characteristics for the subdivided zones and trip
distributions are obtained in the two following ways:
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- Large-zone data, used for trip generation, are either forecast small
for the smaller zones maintaining the large zone total as a area trip
control or the large zone data are allocated directly to the alloca 1oq
smaller zones. The trips are aenerated for the smaller zones
using trip generation formulations. The distribution model
is then rerun to obtain the trip matrix for assignment purposes
on the smaller zone basis; or,

- After the future trip generation for the subdivided zones is
determined, the proportion each subarea is of the reagional zones
is determined and a factoring of the trip matrix is accomplished.

This is usually accomplished as shown in Figure IV-5 for a 3

zone system. Matrix A shows trips between the reaion-sized

zones 1 through 3. Matrix B shows the trip ends surmed for these
zones. The calculation of trips between the new subdivided

zones is shown in D for 3 example movements. Trips between two
new zones are equal to trips between the larger zones in which
the new zones are located,multiplied by the proportion of trip
ends each new zone is of its old larcer zone. This computation
can also be carried out using separate calculations for each

zone for productions and attractions, or origins and destinations,
rather than trip ends.

In addition to the application of more traditional approaches to sub-area

study and corridor analysis, other specially developed techniques for these micro
applications are being used. An interesting apnlication of the Creiohton- assignrent
Hamburg Incorporated Micro-Assignment technique described in Chapter II has been
undertaken in the Pittsburgh Area. Micro-assignment of traffic is accomplished

in the central business district (Golden Triangle) and the north side. To

obtain an accurate simulation in these areas, the micro area cordon Tine is

extended to include some area between the Monongahela and Allegheny Rivers to

the east of the CBD, some residential areas in the north side, and a strip of

the south nills leading into the CBD,

The Micro-assignment procedure is first used to simulate 1967 traffic flows
in the CBD. Since the Southwestern Pennsylvania Reaional Planning Commission
has travel data for that period, it is possible to test the accuracy of the
modified program and to make changes if necessary.

When the model is tested and is simulating traffic behavior with the desired
accuracy, future trips are assigned to the future networks. Micro-assianment
is also used for testing and planninc a wide variety of TOPICS improvement
norojects. These include parking restrictions, channelization, signal settinas,
intersection design, and one way street systems.

The types of projects being evaluated with the micro-method include:
- One-way street pattern in CED.
- Impact of opening of U. S. Steel building on Oriains and Destinations
in the CBD.
- Evaluate effect of Three Rivers Stadium on traffic flow.
- Optimum bus network
- Evaluate proposed convention center sites.
- Ramp Tocation and design.
- Best location for parking facilities.
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Figure IV-5

Trip Distribution Proportioning--Example for Three Zones
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Zone to Zone Trins Zrne to Zcone Tring
- a0 Dow B 25.4

) 12.4 E 31.7

C ) C 0

) 12:7 i 8.2

E 31.7 E 20.4

F 68.% F 114.3

6= A 12.3 Ea £3.,5
B 15.4 B 7.4

G 0 c 0

J 15,9 ] 20.4

E 35.7 £ 51,0

F 111.1 F 295,7

G, &= 0 Ear 123,3
B 0 B 15G.7

c J C 0

D n 9 142.9

E f £ 357.1

F 0 F 50.0

Total 1200

Figure IV-5 (Continued)
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The Southwestern Pennsylvania Regional Planning Commission views Micro
Assignment as a design tool to be used on a short range basis and not as
a longer range planning tool.

Deve1opﬁent of Design Volumes

It would appear from discussions with practitioners in the field of urban
transportation planning that traffic assignment volumes developed are used
to provide highway designers data useful for design purposes. For transit
purposes, assignments are usually made to peak periods specifically (sometimes
only work trips are considered) to provide information for system desiqn.
Although those applying traffic assignment techniques believe the basic
applicability is for location planning, priority plannina, etc., there is
considerable use of the results of traffic assignment for desiagn purposes.
This is true even though design people find considerable fault with the
results of the process. They rely upon the results of the process quite
heavily, and sometimes exclusively, in the development of design volumes.

There are two general approaches used to develop peak hour traffic - generally
used for design purposes:
- Assign total daily travel to a network and factor the resultant
loads to peak-hour directional values.
- Develop peak-hour travel and assign to the network.

The application of factors to total daily assignment volumes appears to be

the most frequently used procedure. The differences in application between
studies appears to be in the tailoring of factors to specific network sections
and the group (i.e., planners, designers, etc.) developing the design volumes.
In many organizations the traffic assignment practitioners turn over total daily
assignment volumes to the design groups, who then develop design volumes from
the data. Others develop the peak-hour directional volumes prior to turning
these over to the design people. In this latter case, truck factors may be
supplied by the planners or developed by the design staff. The organizational
arrangement is not too important as long as there is an awareness by the design
people of how the volumes are developed and an awareness on the part of the
planning people of the use of the data. There appears to be growing sentiment
that the planning people should produce the desicn volumes since they are most
familiar with the basis of the data from which the design hourly volumes are
developed. In any case, there must be close cooperation between the design and
planning people. The belief that traffic assignment volumes are only useful

for planning purposes and that their subsequent use for design is not necessarily
of concern is not entirely correct. It appears that traffic assignment results
are used almost universally in development of design volumes. This being the
case, it is imperative that those applying traffic assignment techniques
recognize this most important application and consider this use in their develop-
ment of assignment networks and in application of transportation planning tools.

There is a wide range in the detail of work undertaken to convert total daily
traffic to peak hour directional volume. At one end of the scale, areawide-
systemwide factors are developed and applied to assignment results. These
factors are based upon traffic counts and result in a single peak-hour factor
(i.e., 10%~12% of total daily traffic) and a single directional factor

(i.e., 60-40). An improvement to this very basic approach is to classify sections
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of facility by area type and facility type and develop peak-hour (K) and
directional (D) factors for each category. For highway facilities a table
similar to Table IV-3 might be constructed.

TABLE IV-3
AREA TYPE
Surround- Outer Inner Outer
LED 1??‘inge City Sub Sub
LS D [K D I K DK D K D
Freeways -
Expressways

Other Arterials
Major Collectors

Other work which may provide useful information on K and D factors was undertaken
for the Federal Highway Administration as part of their TRANS Model Work described
previously in this document (46).

The importance of accuracy in the application of factors may be illustrated

by Table IV-4, The table assumes an assigned total daily traffic of 125,000. effect
The variation in the number of lanes required assuming various values of the Eﬂﬁlér,:
peak-hour and directional factors is from 3 lanes to 5 lanes. This is based ation 1in
upon what might appear to be small variations in the factors. If a 10% peak RKED
hour factor and .55 directional factor is assumed, four lanes are indicated

in the heavy direction. However, just the change to a 12% peak hour factor

and .60 directional factor would indicate 5 lanes as being required. This

example is presented to illustrate the necessity for care in the development

of peak hour and directional factors, since rather small variations in the

factors may cause a larger error in design values than is inherent in the

traffic assignment process itself.

Chapter V, Section on "Precision of Estimates", discusses the effects of errors
in traffic assignment results on resultant design volumes. The errors may be
in the basic AADT estimates or in the conversion to DHV. An excellent
discussion of this may be found in the HRB publication Data Requirements for
Metropolitan Transportation Planning (34).

Some using traffic assignment results for design purposes have developed rather
substantial operational procedures for developing peak hour and directional

factors. These operational procedures can be used as an adjunct to the %%X%l%ﬂ%ﬁﬂi
development of factors by facility and area type or as a separate analysis.

One such precess will be described below: Factors

STEP 1 - Familiarity with the area of the proposed facility or improvement
is obtained by a review of land use and trip ceneration estimates
in the area affecting the facility.

STEP 2 - Count data is obtained from facilities in the area of the proposed

facility and reviewed in relation to the development of peak-hour
and directional factors. If data similar to that shown by Table IV-4
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TABLE IV-4
EXAMPLE OF VARIATIONS IN PEAK HOUR & DIRECTIONAL FACTORS

TOTAL PK~-HOUR DIRECTIONAL PEAK-HOUR NUMBER OF LANES
DAILY FACTOR FACTOR DIRECTIONAL @ 1800 CAPACITY
TRAVEL (K) (D) VOLUME (1 DIRECTION)
Calculated Rounded
125,000 8 325 5500 3.0 3
125,000 9 Rt 6187 3.4 4
125,000 10 $D5 6875 3.8 4
125,000 11 ¥ ¥9 7562 4.2
125,000 12 +23 8250 4.6
125,000 8 .60 6000 33 c
125,000 S .60 6750 3.l 4
125,000 10 .60 7500 4.2 5
125,000 11 .60 8250 4.6 5
125,000 .60 9000 5.0 5
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is available, differences from the area of the proposed facility
are examined and, if possible, a determination made of the reasons.

STEP 3 - A field visit is made to the area of the facility to evaluate the
details of land use, locations, etc.

STEP 4 - Both current and future assignments for the area of the proposed
facility are examined and comparisons made of current assignments
to ground counts.

STEP 5 - The Tand use changes estimated are reviewed.

STEP 6 - A corridor is established surrounding the facility being handled
and cutlines are placed across the corridor. Traffic assignment
volumes are then examined for their distribution between facilities
in the corridor. Adjustments are made between facilities if this
appears warranted.

STEP 7 Daily volumes are established for the facility and the applicable

peak-hour and directional factors applied.

As an example of other work undertaken, one state has developed statistical
relationships between peak hour volume and average daily traffic on city streets.
In this procedure, Friday counts were obtained for 2, 3, and 4 lane facilities

in one direction. These were one-way peak-hour volumes and ADT in the direction
of the heavier flow. The assumptions made were that Friday volumes tended

toward high volumes and that left turn lanes did not affect through traffic.

Both graphical and statistical analyses were applied to obtain the relationships.
The results obtained by a Tinear regression analysis are shown in Table IV-5

and Figure IV-6.

The second approach to develop design volumes, that of developing and assigning
peak-hour trips, has been used only to a Timited extent. This is probably
based upon the heavy concentration by urban transportation nlanners on developing
and applying procedures and models for use in what may be referred to as macro
planning efforts; e.g., regional transportation networks, major corridor assign
studies, transit patronage models, etc. In these type analyses, the unit Eea -
most often used to measure traffic is average daily traffic. As mentioned our
previously, in addition to providing ADT estimates, the need for providing peak- trips
hour traffic for design purposes is apparent. This function is becomming
increasingly important as transportation agencies proceed with the continuing
effort of the urban transportation process and concentrate more on service
functions. to others and on performing special or micro studies such as those
related to airport access, central business district circulation, etc. The
use of peak-hour trips for special purposes and for desian may become a more
widely used approach. The basic advantages of this technique are:
- Peak period trips are assigned to a network which has been coded

to represent the peak-hour both in traffic operation features

(i.e., one way operation during the peak period) and peak-hour

impedance measures for the system (i.e., link time).

- The capacity restraint technique can be applied directly and
more accurately as compared with the inaccuracies in converting
design hour capacities to represent daily capacities. Generally,
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TABLE IV-5

EXAMPLE OF RELATIONSHIP BETWEEN ADT AND PEAK HOUR
Source: California Division of Highways

NO. OF LANES LIMITS OF EggéR
(ONE DIRECTION) ADT EQUATION CORR. COEF. EST.
2 0-9.9  y=.097X + 142 .77 170

3 10.0-20+  y=.077X + 202 .73 179

3 0-12.9  y=.075X + 380 7 200

3 13-20+  y=.021X + 241 .24 228

4 0-20+  y=.059X + 612 .72 319
2+3+4 1-6.9  y=.110X + 87 .76 125
2+3+4 7-12.9  y=.069% + 13 .45 213
2+3+4 13-20+  y=.052X + 670 .65 226

Where: y= peak flow

ADT

®

This type of analysis was extended to onronduce the typne of chart

shown in Figure IV- ¢
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design hour capacities are factored to represent 24 hour
capacity by applying peak-hour factors and allowing a comparison
with daily traffic assignment volumes. Since peak-hour volumes
may distribute differently on portions of the network than
result from factored 24 hour travel, there may be greater
accuracy in the capacity restraint application.

- Directional peak-hour volumes result directly from the assignment
process without the necessity for applying peak-hour and
directional factors.

The availability and use of the 1970 Census Journey-to-work information may
result in more peak-hour model development for assignment purposes. Urban
transportation studies will be able to use the 1970 Census as a major source
of data on population, housing, employment (by place of work), and the primary
work trip. These data are being coded to block faces and will be agqregated
by traffic zone., The FHWA in cooperation with the Census Bureau has developed
computer programs to produce tabul stions by traffic zone. The availability of
primary home-to-work trips tabulated by traffic zone provides an additional
incentive for the development of peak-hour/work trip oriented forecasting
models that would aid in the continuing task of updatinag the base year transpor-
tation plan., In addition, peak-hour traffic models will be updatable at the
time of each census. Research relative to application of census for this
purpose is underway in Georgia and in Rhode Island. In this latter work, the
following approaches are being evaluated:

(1) Census journey-to-work data is prepared in trip table format and
this trip table assigned to the computerized network. Using 1961 origin-destination
data, a relationship is developed between primary work trips and peak period
trips for links in the computerized network grouped by functional class and by
area type. Twenty-four hour volumes are then derived by 1ink from the peak period
trips using factors developed for FHWA by Peat, Marwick, and Mitchell (46).
These factors are stratified by functional class, area type, and orientation
of facility and should influence the categories set up in the previous step
where the relationship between primary work trips and peak period trips are
established,

(2) The census journey-to-work data in trip table format is assigned to
the computerized network. Using 1961 origin-destination data, a relationship
between primary work trips and 24-hour traffic volumes is developed for link
groupings, stratified by functional class and by area. The resulting factors are
applied on a link basis to the census journey-to-work assignment and the results
compared to 1970 ground counts for verification of accuracy.

(3) Using 1961 origin-destination data, relationships are developed on
a district basis between socio-economic variables and the ratio of work trips
attracted to and produced in each district to the total trips attracted to and
produced in each district. Thus, a series of equations result which will establish
the relationship between land use and the ratio of work trip ends to total trip
ends,

(4) Using 1970 socio-economic data derived from the census or other
independent sources, 1970 values are forecast using the relationships previously
developed. The resulting factors are then applied to the 1970 census work trip
ends to obtain 1970 total trip ends. These total trip ends are then distributed
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and assigned to the computerized network and the results compared to 1970
ground counts.

The use of peak period travel and networks has the advantages of being:
- Automatic and reproducible - one peak hour trip matrix can be -
produced and subsequently used for testing many network alternatives.
- Responsive to land use changes in an area.
for example, as employment patterns change they are reflected
in peak hour estimates.
- Well suited for special analysis - for example, that hour period
during which shopping trips to the central business district peak
can be isolated and studied in detail.

The procedure requires the development of peak-hour trip tables. These tables

are developed by applying factors to the non-directional matrices usually determinin
developed by trip distribution models such as the gravity model. The factors EEE'"EEIT'£
are developed through processing and analysis of the base year origin and hour
destination survey. This processing has been done in a number of ways. Some

have determined the peak-hour by finding that hour period during which a maximum

number of trips have say started, ended or reached the mid-point of their trip.

A more precise method is to determine that period during which the maximum number

of trips are in motion. An analysis which uses either a start-time, mid-point

time, or end time of a trip assumes that the trip occurs wholly within that

hour period. A table is then constructed by time interval(usually six minutes)

and the trip is placed in its appropriate time interval. After all trips have

been tabulated, the ten consecutive six minute intervals that produce the

greatest number of trips is designated as the peak hour. With the trips in motion
concept, both the starting and end time of the trip are interrogated to determine

not only the time but also the duration of the trip. The trip is then placed

in one or more intervals. For example, if a trip begins at 8:00 A.M. and ends

at 8:30 A.M., it would be added to the time intervals indicated in Table IV-6.

As can be seen, a trip-in-motion for a one-half hour period has an effect on
fourteen different peak hour periods,

As an illustration of the factors that are developed, Tahle IV-7 is presented.

The factors are applied to a home based trip file (i.e., trips from home to work
as well as from work to home are in the direction home to work). For example,
assume that a 4 hour trip matrix showed 1000 home based trips between two zones.
To determine the home to work trips in the A.M. peak we would apply the directional
factor and A.M. peak factor resulting in 200 trips in the home to work direction
during the A.M. peak. (1000 x .491 x .412). The number of trips from work to
home in the A.M. peak would be 3 trips (1000 x .491 x .008).

There are also some disadvantages to the peak period approach. Primarily, a
greater cost results from applying this approach since it does not replace the
need for total daily assignment procedures. Part of the increased cost results
from the additional data required. For example, link times must be developed for
the peak period(s) and the capacity to be coded might vary due to difference¥ in
parking conditions, use of reversible lanes, different signal cycling, turning
movements, etc. These same factors also provide some of the advantages Tisted
previously. Peak-hour traffic assignments are also more expensive in terms of
computer time and the effort involved in the evaluation of results. Forecasting
is mcre time consuming and peak networks must be calibrated as well as the total
daily assignment network.
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TABLE IV-6
TRIPS IN MOTION CONCEPT

TIME TRIP ADDED TIME TRIP ADDFD
6.9-7.9 No 7.8-8.8 Yes
7.0-8.0 No 7.9-8.9 "
7.1-8.1 Yes 8.0-9.,0 "
7.2-8.2 . 8.1-9.1 "
7.3-8.3 . 8.2-9.2 "
7.4-8.4 . 8.3-9.3 "
7.5-8.5 " 8.4-9.4 "
7.6-8.6 i 8,5-9.5 No
7.7-8.7 " 8.6-9.6 No
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TABLE IV-7

Final Factors for Converting
24-Hour Trips to Peak Hour
Washington, D.C,

(47)
Trip Purpose Directional AM, P.M,
Factor Peak Factor Peak Factor

Home - Work 0.491219 0.41208 0.00803
Work - Home 0.508781 0.00674 0.41144
Home - Other 0.481144 0.05764 0.04543
Other - Home 0.518856 0.05768 0.10627
Home - Social Rec, 0.454918 0.01474 0.04109
Social Rec. - Home 0.545082 0.00327 0.06425
Home - Shop 0.436964 0.01474 0.05405
Shop - Home 0.563036 0.00064 0.11959
Home - School 0.489759 0.47620 0.00804
School - Home 0.510241 0.00022 0.07478
Non Home Based 1.000000 0.02411 0.13790
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This section has discussed applications of traffic assignment procedures to
urban area study. The application to developing and testing alternate
systems, priority planning, sub-area study and corridor volumes, and develop-
ment of design hour volume is also pertinent to statewide and national study
described in the remainder of this chapter. Most application of assignment
techniques to state and national study have been adopted from urban area
experience.

APPLICATION TO STATEWIDE STUDY

. Although initial planning efforts of the 1920's and 1930's were concentrated
statewide on the rural highway system and large amounts of data on the rural systems
needs were collected, the application of computerized systemwide planning on a
studies statewide basis was not undertaken until the 1960's. Initial statewide study

efforts were in functional classification and needs studies which tried to
determine the adequacy of the system, suggest improvements, and estimate costs
to bring the system up to some standard. These ctudies concentrated on a
functional classification study to determine a "plan" against which to estimate
"needs" based upon the projected traffic and appropriate tolerable standards
for each facility. Recently the urbanized area model approaches have been used
in developing statewide traffic models.

Over one-quarter of the States have either completed or are in the process of
. completing a statewide traffic model involving statewide traffic assignments,
statewide These models are generally based upon the techniques developed for urban area
traffic transportation planning which are trip generation, trip distribution, and
models traffic assignment with modifications made for statewide application.

The uses made of statewide traffic assignments include:

- traffic assignments for national and state use such as functional
classification and needs studies, the Interstate Cost Estimate,
and the supplemental freeway system studies,

- Testing Alternative systems on a statewide basis.

- Analysis of traffic on a corridor basis.

= Use of traffic assignments for design purposes,

The State of Iowa was the first to complete a statewide traffic model. Their
zones consisted of counties and towns. Every town with more than 150 persons
was defined as a zone, Those with Tess population were arouped to form zones,
The base year system consisted of 855 internal zones and 72 stations (total

of 927 centroids). The initial network contained interstate sections opened

to traffic, the state primary system and selected county roads and represented
10,221 miles. The future year system included improvements expected to be built,
under construction, or programmed. Highway link distances were obtained from
highway logs (to 0.1 mile) and 1ink speeds from highway sufficiency ratings (to
1 mph). Five assignments were made to calibrate the assignment process on

base conditions. This process included manual adjustments as well as volume
restraint runs. The results indicated that 81% of actual vehicle miles of
travel was represented, and that the missing travel was due to trips under 10
miles which were not represented. Iowa did not develop or test any alternative
highway plans. The only system tested was the one programmed for construction.
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"Wisconsin developed a statewide transportation study with an assignment network
of 10,434 miles of Interstate and trunk highway and 4,050 miles of county,
town, and other facilities for the base year. The state was subdivided into
570 zones, with areas external to Wisconsin subdivided into 24 zones, and the
cordon containing 49 station-centroids for flexibility in the assignment
process, all totaling 643 centroids. Each internal zone was a township of at
least 1000 population or groupings of those under 1000 population. Zones
conformed generally to township Tines and are aggregatable to counties.

The network was based upon those routes Toaically connecting zone centroids

making sure that all roads designated as state trunk were included. Next, statewide
every rural highway with a 1960 ADT greater than 300 was added. As a final studies
step, any facilities functionally classified as arterials or connectors were

included.

Data for link coding were obtained from highway logs, speed studies, etc. A

one minute turn penalty was initially coded but dropped as unnecessary.

Sixteen planning schemes were developed in an attempt to lTook at a wide variety
of ideas. The results of the study include the development of a 1990 State
Highway Plan which for implementation was refined into a Freeway-Expressway

plan, development of access type and spacing criteria, critical corridor studies,
and proposed legislation on future right of way.

Rhode Island has undertaken a Statewide Comprehensive Transportation and Land
Use program, There are 497 internal plus 53 external zones in the study. The
zones are based upon enumeration districts and may be grouped by census tract.
(The entire state is tracted). The Rhode Island assignment system contains

1600 miles out of a total of 4,380 miles of roads and streets. Nodes are placed
at the boundaries of towns so mileages can be accumulated by towns. The 1970
committed system was used for the assignment of all future trips. Volume to
capacity ratios are available for every link. Three calibration runs have been
made and 97.8 percent of roads with ADT's over 200 are within + five percent of
traffjc counts. A1l corridor movements agree with field counts within 5%.

Connecticut developed a comprehensive statewide study based upon two systems
(zoning and network extent) dependent upon the purpose of a particular analysis -
detailed for small area study and less detailed for statewide study. The
detailed system contains 1725 internal zones, 52 external stations and 9100 miles
of highway. The less detailed system consists of 806 internal zones and 6900
miles of highway. The network used for testing is generally the 1970 committed
highway network. The interesting idea in Connecticut is that the urbanized

areas are coded in with the rest of the state network and zones, resultina in

the detail required for urbanized area study within the Statewide Study network
and zones.

There are advantages to multi-level assignments where zones and networks can be
combined or deleted so that the user can specify the level of detail desired,
Computer programs have been developed to accomplish this.

Michigan in their report, "Michigan's Statewide Traffic Forecastina Model, Volume
[II, Multi-level Highway Network Generator Segmental Model," June 1971, documents
their efforts, The preliminary model will combine two levels of detail by
county for the State. The two levels are a 83 county zone and a 540 zone system
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with their related highway networks. The refined modal will combine four
levels of detail. The third level is a 2300 zone system based on individual
townships and the fourth level includes all of the urban study zones. Using
this system the most detailed zone and network system should be coded
initially.

The Texas Transportation Institute, under contract with the Federal Highway
Administration, has worked on developing a Tink level edit program which will
combine and renumber Tinks and nodes from several states or a state and its
urban areas. The level of network coarseness can be specified accordina to

state- five definitions of level, as follows:
wide
ne twork Degree of Link Classes General Size
avejop- Network Detail (Level) Included of Zones
ment
1 1 State
2 1-2 SMSA & Rural Equivalent
3 1-3 County
4 1-4 Township, under 1000 zones
5 1-5 Enumeration Districts or State

Sub-zones over 1500 zones,

Network levels can be selected based on any column in the card. In most cases,
administrative or functional classification as shown in the codina instructions
will be used. A column for 1ink level is listed for those states that wish to
code their network Tevel at the beginning, and for coding the centroid
connectors which have no administrative or functional classification. The
centroid connector must be coded through the network at a given 1ink level. For
example, a State centroid connector would have to be coded through the network
at Tevel one until it reached a point of connection with an Interstate link,
since according to the coding format both a State centroid and the Interstate
network are level one. Presently the program uses a separate set of centroid
connectors for each Tevel of network,

Networks of varying detail may be combined according to the user's specifications;
for example:

- A national group might use the level one network consisting of the
interstate network and the State centroids, or level two network,
consisting of the 490 internal zones described in the next section,
in a nationwide assianment.

- A national or regional group might use the Tevel three network and
county centroids for an assianment.

- State A, in undertaking a statewide transportation study, could
use a level four or five network for its own area, and combine
this with a Tevel two or three network for adjacent States and a
level one network for the remaining States.

- An urban group could use its urban network, if coded in S360
format, in combination with a Statewide network for an assignment.

The TTI program has the capability of handling duplicate node and centroid
numbers in adjacent States or urban areas. Both the Michigan and the TTI proarams
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have the capability of deleting unnecessary nodes for efficient computer
runs. Both programs have only been run by their developers and other States
may experience some program "bugs".

To date, most statewide transportation studies in which assianment techniques

are utilized, have considered only highway networks. Some work has been
accomplished in the assignment of commodities as well as persons to these highway
networks. Most statewide assignments have been accomplished with an all-or-
nothing technique, with Tittle belief in the usefulness of capacity restraint
techniques on a state basis.

There are two general approaches to zoning. One approach is to zone the

state with each urban area represented by a sinale loading centroid. In

effect, the gaps between urban area studies is considered the statewide network.

This approach is useful for describing larage urban areas on the periphery of

the state. The second approach is to forget urbar area boundaries and develop

zones for the entire state. This approach gives better traffic assignments

on routes into the urban areas. The network Tevel coded is used for the phomnd ds
urban as well as non-urban portions of the state. Maturally, only the Eﬁﬁqﬁﬁ———-
important through routes are included through urban areas. The urban areas ———=
would be subdivided into zones whose size would depend upon the analysis to be
accomplished. For example, Cenrecticut has a statewide zone and network

system which allows detailed study in the urban areas as well as statewide study.

A diagram of their state system is shown in Figure IV-7. Others keep the

urbanized area study separate so that in the statewide network only the major

through routes are considered in the urbanized area. See Figure IV-8 illustratina

this approach in Pennsylvania.

Some general ideas that may be considered in designing a statewide network
and zones are listed below:

- The zones in the rural and urban area portions of the state should
be of a similar size. For example, if township size zones are
used in the rural areas, urban sectors and the CBD are correspond-
ing sized areas for urktan areas. Where the state used detailed network
zones, say ovgr 1500 statewide zones,bthe stgtewide study urban Zone
zone is a combination of up to six urban study zones, Jevel

- As a general rule of thumb, the statewide network should be able ﬁ%ﬁﬁ?ﬁﬁl—
to reflect trip lengths over 5-6 miles. HMationwide, based on the ——
1969 National Personal Transportation Study (563)., for example,
45,6% of the trips made are over 5 miles in Tencth and account for
88.9% of VMT for both urban and rural areas. 37.3% of trips
are greater than 6 miles in lenath and account for 84.2% of total
VMT. This trip length is consistent with use of townships, which
average in many states about 36 square miles (6 x 6).

- For statewide planning networks a minimum of 10 - 15% of all miles
of system should be in the assignment network. The network should
include all interstate and non-interstate principal arterials
and minor arterials, and those collectors necessary to provide good
system interconnectivity.

- From the experience of practioners, the use of turn penalties of
less than 1 minute duration does not appear to affect assignment
results to any noticeable extent. Since the use of penalties
of greater than 1 minute does not generally appear realistic, turn
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penalties are probably not warranted.
- A statewide system can be coded with the minimum data required
for traffic assignment, i.e., A node, B node, speed, distance, and
ADT. Other information which may be considered to improve analysis
includes capacity, DHV/ADT factor, federal aid class, functional
class, Tink class, type of facility, rural vs urban section,
— access control and/or spacing, route number.
network - - There appears to be no advantage to coding detailed interchange
é’-,.‘.’ﬂ.@,i design for a statewide network except when detailed study is to
development be made of a specific corridor for location and design purposes.

- From experience to date, the use of capacity restraint does not
appear warranted. This is based on the few number of highways
in rural areas over capacity and the fact that travelers in rural
areas do not seem to be willing to accept urban type congestion.

- As in urban area study, zones should be compatable with the selected
network and if possible conform with census designations, such as
county, minor civil divisions, census county divisions and
enumeration districts. Zones should be aggregatable by county
for summary purposes.

- Unlike the principle followed in maintaining urban zone-network
compatability, centroid connectors are generally located at
intersections of major routes or along routes, since towns are
usually centers of population as well as being at the intersections
or along the major routes.

- It is good practice to locate Tink nodes at urban area boundaries
since summaries can then be developed for rural routes separate
from urban routes.

- To allow compatability between urban and statewide studies, new
urban studies should consider the statewide zones and use them as
external zones.

- Calibration of a statewide network should be handled similarly
to urban networks using comparisons of assigned volumes with
ground counts on gridlines, cut lines in corridors and on individual
major routes. An independent estimate of state VMT should be
made using estimates of population, car ownership, fuel consumption,
and average trip length. The model estimates of VMT should match
this within + 10% as a general rule of thumb,

Most states have been developing ADT models and applying DHV/ADT factors to obtain
design hour volumes. However, in many states the majority of high hour volumes
occur on the weekend consisting mostly of recreational travel. These types of
trips are long distance trips and have different characteristics than weekday
recreational trips obtained in an urban study. More attention should be given

to recreational travel since it is becomming increasingly important.

Table IV-8 presents some statewide system statistics that may be useful to those
contemplating a statewide study.

A HRB paper by Mr., Philip Hazen of the FHWA (48) describes in greater detail

the application of urban planning techniques to statewide study. Much of the
information contained herein has been extracted from Mr. Hazen's work,
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STATE

TOWA

WISBONSIN

RHODE ISLAND

CONNECTICUT

ILLINOIS

MICHIGAN

MISSOURI

PENNA,

Year

1963

1964

1964

1963

1966

1964

1964

1962

Land Area
of State

Started (000 Sq. Miles)

56

55

56

57

69

45

TABLE 1IV-8

SUMMARY OF STATEWIDE ASSIGNMENT NETWORKS AND ZONING

Pooulation

1960 1970

(000) (000)

2757

3952

860

2500

10081

7823

4320

11319

2825

4417

949

3032

11113

8875

4677

11793

Total Miles
(Base Year)

112029

99869

4380

17274

128389

112912

114012

109908

Total Miles
of Network

10221

14484

1600

9100

11000

10000(1)
20000(2)

3000

8871(1)
12000(2)

Tyne of
System
Included
in Net

Interstate
State Primary
Selected County

Interstate
State Trunk
County, Town,
other

Interstate

Number of
Zones
Internal External

Federal Aid Prim.

Other State
Routes

State System
A1l Expressways
and Arterials

Rural Freeways,
Maior Hwys, &
area service
routes

State Trunk Sys.
A11 Arterials &
Some Collectors

Hwys. »500 ADT,
& Major Rural
Hwy. Systems

Corridor Hwys.
ASF Class 1-5
ADT > 500

855 72
570 73
497 53
1725 52
526 0

510(1) 29(1)
2300(2) 100(2)

536 137
149 31
1600

Zone
Description

Townships or
Groups with
2150 Population

Townships with
1000 Population

Groups of
Enumeration
Districts

Groups of
Enumeration
Districts

Townships

(1) Groups of
Townships

(2) Every Fown-
ship. 4 Urb,=
1 State

Groups of
Townships

(1) Parts of
Counties.
Townships and
Cities 500 Pon.
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MINNESOTA

ARIZONA

CALIFORNIA

TENN.
NEW YORK

W. VIRGINIA

KENTUCKY

‘NEBRASKA

WYOMING

DELAWARE

GEORGIA

——~
o —

mwon

1966 80
1965 114
1969 157
1967 42
1967 48
1967 24
1970 40
1970 76
1967 97
1967 Zz
1969 58
estimated

where more than 1
Network Developed

3413

1302

16717

3567
16782

1860

3038

1411

332

446

3943

3805

1772

19953

3924
18237

1744

3219

1483

330

548

4589

126385

39087

162223

77182
102292

35700

69071

100,445

78461

4826

99995

TABLE 1V-8 Continued

e 8000

8094

20383

e10000
e14000

e12000

12000

9730

e6000

e2000

e6000

Trunk Hwy. 1906

System

U. S. Numbered
Principal
Arterials

144

State Hwys.
System

1443

Arterials &
Some Collectors

Interstate,
expressway touring
route system

535

640

Int. State Primary 778
County

Int, Principal, 663
Minor Arterials

Int., Primary 881
Int., Primary e200
State Primary

and Secondary 205
Spiderweb e158
Connecting

County Centroids

100

30

45

150

ed?

unknown

unknown

unknown

unknown

unknown

unknown

Townships or
City with Poo.
2500

Based on
Population
Rural MCD's &

4 Urban=1 State

Census Ccunty
Divisions

Groups of

Townships

Groups of
Districts

Census County Div.
Spec. Generation

with 5000 veh.
trips/day

Groups of
Townships

Census County Div,

Combined grids
outside Wilmington

County



An interesting and useful technique for dealing with traffic diversion to and
from toll facilities has been developed by Pennsylvania. The technique
developed for use in conjunction with the Pennsylvania Statewide Transportation
Study is a rather unique method for solving traffic diversion problems. The
method coincides with the traditional approach requiring similar input
information which is travel times over the Turnpike (toll) and toll-free
facilities, as well as a trip matrix. The major problem in using a diversion
curve is to determine the turnpike path when the turnpike does not Tie on
the minimum path. Generally this has been accomplished by reducing the
impedance on the turnpike links by one-half during calculation of trees.
Forcing traffic to use the turnpike is accomplished in this way, but minimum
path trees are usually very unrealistic. The Pennsylvania Statewide Study
utilizes dynamic programming techniques in order to determine travel time
over the Trunpike between traffic analysis zones. The necessary computation
is based on the assumption that a Turnpike trip consists of two parts:

- From the origin zone to the Turnpike entrance.

- From the Turnpike entrance to the destination zone.

In order to force trips to use the Turnpike, at each Turnpike interchange a
dummy centroid is coded together with turn prohibitors so that a tree built
from a dummy centroid must enter the Turnpike, The Turnpike minimum path
calculation is a two part process where minimum travel time is first calculated
from an origin zone to all other zones (including dummy centroids). This
method does not assume that trips will enter the Turnpike at the nearest
interchange, but rather that trips will enter the Turnpike at interchanges
which are shorter to arrive at by a non-turnpike route, rather than a Turnpike
route, Interchanges where the tree enters the turnpike become possible
"critical nodes". Next, minimum time paths from "critical nodes" are examined,
and the cost from each critical node to a particular destination is added to
the cost from the origin to the critical candidate. The costs are compared and
the critical candidate having the minimum cost becomes the travel cost between
these two zones via the Turnpike. Paths determined in such a way are no longer
represented as a tree, so a method was devised to load trips using the turnpike.
This was done by modifying the trip table in such a way that trips are loaded on
the network between two points:

- between the origin and the critical node

- between the critical node and the destination

Most of the techniques for traffic assignment in urbanized areas for regional
planning purposes are applicable for statewide study. The application of

traffic assignment for system development, testing, evaluation and priority
planning pertains in statewide study. In addition, corridor analysis is
undertaken as well as necessary assignments to develop traffic volumes for design
purposes, The information presented in this section was included to provide
ideas as to work being done on a statewide basis which should prove useful to
those contemplating such study.
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APPLICATIONS TO NATIONAL STUDY

Transportation planning techniques for urban area study have been adapted for
national national transportation planning purposes by the U. S. Department of Transporta-
Elann1ng tion. The work has been accomplished for person travel as well as aoods flow,

This latter area may be of particular interest to those applying planning

techniques to state and urban areas. For a more complete description of this

work the reader is referred to two articles: "Developing A National Network

Model of Intercity Freight Movement in the United States" (49) and "Nationwide

Highway Travel" (50). Much of the material reported below has been gathered

from these two articles.

The work accomplished on a national Tlevel is presented since a considerable
amount of research and investigation of data sources was undertaken to allow
development of person trip and commodity flow information to allow traffic
assignments of both persons and goods to all modes of transportation. This
information should prove valuable to those contemplating a statewide study of
all transportation modes and who wish to consider goods flow as well as
person movements,

The purpose of developing and utilizing national transportation networks and
trip models for both persons and goods was to have an analytic tool with
purpose  which the U. S. Department of Transportation could explore transportation issues
and problems in support of policy and decision making on a broad national scale.
The model permits investication of system alternatives relative to:
- The size and nature of national modal systems.
- Levels of prevailing rates on regulated and nonregulated modes.
- Impact on travel as related to assumptions of the growth of
the national economy.
- Inter-regional variations in economic growth and its effects
on the relative growth of interzonal transportation demand.
- Technological advances.

Since the networks and models used are of an aggregate nature, all questions

of local travel cannot be simulated. Also, the question of local access and
delivery are poorly handled as well as are intermodal transfers. The model,

as presently applied, ignores congestion effects and assumes an infinite supply
of capacity over all modal networks.

National networks have been developed for highways, rail, pipelines, air and
waterways. The number of links and miles in each network is shown in Table IV-9.
Analysis is being done on intercity freight and passenger movements utilizing
these networks. Much of the following discussion will be related to the freight
movement work of the Department of Transportation.

The zonal system established for both person and freight assignments consists of
490 internal U. S. zones nationwide, consisting of each of the standard
metropolitan statistical areas (1967) and aggregates of rural counties, There

are an additional 43 centroids representing boundaries between the U, S.,

Canada, Mexico, and major ports on the coast. The process generally used in urban
planning studies was used as the basis for coding each of the modal networks.

The networks have several uses in the DOT work; they are used in developing

the distances, times and costs for interzonal movements which are primary input
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into the mode choice model utilized. The network is also used in traffic
assignment to route the simulated movements over the optimal paths in

the network. Figures IV-9 and IV-10 show the hiahway and rail networks
developed,

The highway network shown represents some 113,000 miles of facility including
the entire Interstate System and other major arterial routes. The railroad
network includes approximately 131,000 miles out of a national total of some
200,000 miles of main line mileage.

The highway network 1links have distance and operating speed coded. The nationwide
speeds are regionally based reflecting the slightly higher average speeds on networks
western highways and the somewhat lower speeds in the densely developed

northeast region., In addition, time impedances were added to the network at

the urban area nodes to simulate the added times necessary to traverse such

regions over free flow intercity speed times. The network coincides with the
functionally defined principal arterial system defined by the states in 1968.

Each 1ink has coded its physical type (i.e., freeway, 4 lane divided, etc.)

and a separate code describing the type of terrain (speed category) through

which the 1link passes. These parameters are used in a table look up to define

the operating speed on the 1ink.

The railroad network has coded the number of tracks and type of signal system

as well as the name of the railroad. These can be used for capacity calculations
for the rail links. 1In place of a single impedance measure at the junction
points, movement penalties have been developed into seven categories ranging

from zero to 18 hours. One of these is used for movement prohibition, the
remaining six are coded to each possible directional movement through the
junction point. In addition, time penalties of 24 hours were added at nodes
representing major rail classification yards.

The network development for the waterway system, including the inland river
system, the intra coastal system, and the Great Lakes parallel those described
for railroads and highways. The 1links include an average operating speed

(coded by direction where currents prevail) and distance. The delays associated
with Tocks are accounted for in the overall 1link speed.

The petroleum pipeline network is highly abstract and includes flow speeds and
distances over the individual 1inks. The air system has not been developed

in a network form as has been for the other modes. Rather, times between zones
are determined from a Tinear function of the straight line distance between
them. Access times to the airports have been approximated and included in the
intrazonal time matrix.

To provide some insight in the use of the networks in simulating national
intercity freight movement, the following summary is presented. Figure IV-11 is
a simplified flow diagram of the national network model. Trip matrices are
developed for each of the modes of transport under investigation. These are
eventually merged into total flow matrices without mode specification. Figure
IV-12 describes the steps adopted for the synthesis of the interzonal freight
trip tables. A very gross level of commodity detail is used primarily because
it avoids much data manipulation. Commodities are coded into one of four groups
as follows:
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- Low value goods (with an approximate value less than
$200/ton).

- Medium value goods (valued greater than $200/ton but less than
$1,000/ton).

- High value goods (with an approximate value greater than

$1,000/ton).

Petroleum (crude oil plus the higher distillate products).

The products shown in Figure V-12 are eight trip tables, four (one for each
commodity) for interzonal movements which are transported in small shipments
arbitrarily selected as five tons or less, and four (one for each commodity)
for movements which are limited to atove five ton shipments. These eight

trip tables are developed from four trip tables which describe total interzonal
freight flows (regardless of shipment size) by commodity group. Information

on intercity railroad freight shipments has been one of the more accessible and
directly usable resources. The Interstate Commerce Commission has collected

a one percent sample of rail waybills each year. The file for 1965 was manipulated
into a form compatible with the four base matrices and expanded to the universe
of rail movements and to the year 1967 based upon the observed growth rate in
national rail activity.

There is no complete information on the movement of air cargo which could

be used to directly establish desired interzonal trip tables. A simple
modeling process was undertaken which utilized that partial data on domestic
air cargo movement which was obtainable. The later data included a description
of airport to airport air cargo movements for containerized freight only. In
addition, Civil Aeronautics Board (CAB) published reports which include data

on total air cargo activity at airports were used. From these data three statis-
tical models were calibrated, one for the generation or origination of air
cargo tonnage by zone, a second for the attraction or destination of air cargo
shipments by zone, and finally a distribution model which linked the origins
and destination of air cargo movement into interzonal flows.

By far the least satisfactory information available was for the motor carrier
industry, including both for-hire trucking as well as private trucking. Two
separate approaches are being pursued in developing the motor carrier trip
tables. The first is centered about the synthetically derived intercounty motor
vehicle trip table developed by the Federal Highway Administration. This table
was recoded into interzonal motor vehicle trips and, by applying factors developed
from roadside traffic classification counts, transformed into an interzonal

truck trip table. The final step was to apply average truck carriage figures
(from truck weight studies) to transform the truck flows into commodity flows for
each of the four commodity groups. The assumptions, generalizations, and

obvious weaknesses in this process do not require elaboration as they are large
in number and probably result in major distortions. The second approach being
investigated is the utilization of the sample of truck movements from the 1967

U. S. Census of Commodity Transportation. However, because the Census Bureau
samples only manufactured goods, the resulting trip table must be supplemented
with information on the flows of non-manufactured goods by truck which is proving
to be a very difficult task.
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The fourth input to the total freight trip tables is that of waterway commerce,
This information was obtained in cooperation with the U, S. Corps of

Engineers who collect information on the detailed movement of all domestic
waterborne commerce on a highly detailed origin to destination bases.

Summaries of these data are published yearly and constitute probably the best
coverage of domestic freight movement of all the modes. The 1968 sample was
recoded to the zones described previously as well as to the commodity groupings
described yielding the four trip tables desired. These are factored to represent
1967 conditions.

There is scarce Origin-destination information relative to the flow of crude
petroleum and petroleum products carried by the extensive pipeline system in

the United States. The U. S. Department of the Interior was able to supply state
to state flows of crude petroleum. However, product origin/destination
movements were only available on a highly aggregated basis, namely between five
regions of the country, from the American Petroleum Institute. An approximating
approach based upon a linear programming solution where the solution vector is

a set of estimated flows on the pipeline system was applied. This yields zone
to zone flows directly that satisfy the aagregate interregional flows and

which minimize the total absolute error between the real flow on each segment

of the pipeline and that estimated by the solution. Attempts to program and
solve the problem were only partially successful due primarily to its large

size which required certain compromises in the formulation, However the
algorithm was used to get a feasible, but not optimal, solution which was then
used as the basis for developing the final zone to zone flows for 1967,

The resulting intermediate modal trip tables are then merged into a single set
of four trip tables, one for each commodity, of total domestic interzonal
freight movement for 1967.

The purpose of this chapter was to present some applications of traffic assignment
techniques to urban, state, and national planning functions. The ideas presented
may be helpful to those using or planning to use assignment techniques on an

urban or statewide basis.

160



CHAPTLR V
PRODUCTS OF THE ASSIGNMENT PROCESS

The purpose of this chapter is to describe the evaluation of traffic assign-
ment results - the checks made, the statistical measures used, and the levels
of precision obtained - as well as the considerations necessary in presenting
traffic assignment results,

The discussion presented assumes thai the traffic assignment procedure being
used has been calibrated and that the evaluation techniques and statistical
measures presented are applied after a suitably calibrated network has been
obtained. The calibration process has been discussed previously. Generally,
the calibration process consists of obtaining traffic assignment volumes

which match as closely as possible the volumes obtained from ground counts for
existing conditions. A calibrated network should result from a proper zone-
network relationship and minor adjustments of link impedances.

EVALUATION OF TRAFFIC ASSIGNMENT

Traffic assignment techniques must be evaluated to determine their ability

to reflect reality. This is also the case with other modelling techniques
such as trip distribution and modal split. Quite often traffic assignments
are used to check other data and models such as 0-D surveys and distribution
model output by accumulation of assignment volumes across screenlines and in
major corridors. Sometimes these checks are assumed to be for verifying the
assignment results rather than the items really being checked. A great amount
of care must be exercised so that one is quite sure he is actually checking
traffic assignment accuracy when these checks are made.

The ability of asiignment techniques to reflect reality is generally accomplished
by comparing assignments made with the most accurate travel information available
(origin destination triptables) against the best estimates of actual traffic
volumes on the assignment network. It is most important that the sources of
error in both the base being used for checking (ground counts) and the travel
estimates used as input to the assignment technique be known as accurately as
possible.

Current practice in many studies calls for comparison of assigned base data
with ground count information. These checks are generally:
Individual Link checks
Checks along routes (smoothing of individual Tink values) assignment
Vehicle miles of travel checks by facility type and/or area cﬁecEs
Major Screenlines and gridlines
Corridor checks - cutlines
Root-mean-square errors by volume group or along routes
These same types of checks are made for trip distribution model calibration,
checking origin-destination survey results, as well as, for calibrating and
checking traffic assignment techniques.
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Obviously, the most critical check of assignment results would be comparisons
of assigned volumes with ground counts on individual link segments, Here,

it is most important that the counts be accurate and that count errors be
known,

Checks along routes are usually preceded by the smoothing of assignment results
for individual links along the route and the development of vehicle miles of
travel for the facility from ground counts as well as from assignment results.

A Tess detailed check results in summarizing counts by facility type and
developing vehicle miles of travel by facility type from both assignment

results and counts. In addition, a geographic distribution of these summaries
would insure that the checks are not being overly smoothed by compensating
errors between areas. Some facility distributions that have proven valuable

are as follows: 1) Access controlled, other principal arterials, minor arterials,
2) Freeway, expressway, major arterial, minor arterial, turnpike; 3) Major
arterials, minor arterials., Some geographic stratifications that have been

used include: 1) Central business district, inner city, outer city, inner
suburbs, outer suburbs; 2) Rings, sectors. Checks may be made across segments
of gridlines where assignment volumes are summed and compared with the summation
of ground counts. This check is similar to corridor checks where a number of
cutlines along a corridor are checked. See Figure III-7 for an illustration

of gridlines and cutlines.

An attempt should be made to estimate the errors in counts used for checking.
There are several sources of error that should be considered in evaluating
counts, these include:

- Errors in counters

- Errors due to sampling technique used

- Errors due to sampling in time
With a properly established counting program, it should be possible_to obtain
areawide average traffic counts which have less than + 5% error of estimate on
the 68 percent confidence Timit, This degree of accuracy is acceptable for
evaluating traffic assignment results.

The traffic assignment process has errors related to input data as well as
errors related to the assumptions used for assignment. The characteristics which
affect assignment results include:

- The selection of optimum routes based upon one impedance
value only, such as, speed, distance, or cost.

- The use of a single impedance on each link to represent all
variations in daily conditions, or at best 3 sets of impedances
to represent A.M. peak, P.M. peak, and total daily conditions.

- Use of a single route (all-or-nothing) assignment or one that
tries to assign to alternate routes,

- The Toading of trips to and from single points (centroids)
representing activity (zones) areas.

- The striking of a balance between zone size and network extent
to bring intrazonal travel into some balance with the part of the
street network not represented in the assignment system,

- Sampling errors inherent in the 0-D survey trips or errors in the
distribution model trips used for assignment. A set of curves
that can be used to estimate the ervor in 0-D survey trips is
shown in Figure V-1,
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- Use of the same network for different vehicle types (i.e.
trucks, taxis and autos) all assumed to use the same minimum
path.

STATISTICAL MEASURES

Generally, five measures have been used to compare traffic assignment results
with traffic counts for evaluation purposes. These five methods for measuring
accuracy are:
1. A comparison of total counted volume to total assigned volume
across some aggregation such as total study area, sub-area
and/or facility types, or screenlines, gridlines and cutlines.

tatistical
%Egg&%g;*— 2. A comparison of total vehicle miles of travel (VMT) from
For assian- ground counts to vehicle miles of travel from the assignment
ﬁgﬁfééﬁéggg results, VMT is calculated by multiplying each link length by

either the counted or assigned volume and summing these across
some aggregation such as total area, sub-area, and/or facility
type, specific route in a corridor, or by volume group.

3. The developing of the total weighted error between ground counts
to assigned volumes at some level of aggregation. Reference
should be made to Table V-1 for an explanation of this measure.
The total weighted error is the summation of the individual
weighted errors computed for each sub group (in the example
shown, the sub-groups are volume ranges).

4. The calculation of rootmean-square (RMS) errors comparing ground
counts and assigned volumes by Tink within the stratification
chosen for comparison, i.e., total area, sub-areas, facility
types, etc. Root-mean-square error is calculated by the equation:

RMS= <<E-_i()(gc - Xta)2

where: X.~= ground count on Link L;

Xta= Volume assigned to Link Lj

-
n

Total number of Tinks in aggregation
group

1 through N

-de
]

The root-mean square error measures tne deviation between two
distributions, in this case traffic volumes. The percent RMS error
is derived by dividing the RMS error by the average group count

for a particular group.
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RESULTS OF FIRST LOADING - (D

(2) TOTAL MFASURED VOLUME 1,777,278
(3) TOTAL ASSIGNED VOLUME 1,515,252

(It) AVERAGE PERCENT ERROR IN ASSIGNED VOLUME -14.7 ERROR BREAKDQWN, LATEST_LOADING
© @ @ @) @
VOL GROUP NO. SECTS AV COUNT AVE DIFF STAN DEV PC STAN DEV  PC OF TOTAL WEIGHTED
00-1/2 2 436 + 718 189 43.3 .0 .0
1/2-01 3 686 + 333 303 L. 1 .1 .0
01-02 9 1,786 - 147 1,054 59.0 .9 .5
02-03 11 2,512 - 1,000 1,897 75.5 1.6 1.2
03-05 22 3,876 - 1,002 2,502 64.5 h.,8 340
05-10 56 7,318 - 1,501 3,948 53.9 23.1 12.4
10-15 25 11,840 - 589 3,618 30.5 16.7 5.0
15-20 24 17,501 - 1,090 6,136 35.0 23.6 8.2
20-25 5 22,561 - 3,867 6,621 29.3 6.3 1.8
25-30 2 27,407 -11,775 16,672 60.8 3.1 1:8
30-up 10 35,186 - 6,230 11,964 34.0 19.8 6.:;
TOTAL 169 10,516 - 1,550 L, 8U46 LE,0 100.0 40.6 (13)

(2) Summation of Ground Counts by Link

ES% Summation of Assionment Volumes by Link

4) 1,515,252 -

; Tf777f§7§ - 100=-14.7

%) An Aggregation Level

6) lumber of Sections in Volume Group

(7) Average Groumd Count in Aggregation Level,

(8) Amount Average Assigned Yolume is oreater than averace Ground Count,

(9) The Standard deviation of the difference between the average Ground Count and the average assianed volume.
For the volume group 0-500, the value 183 for the Standard deviation means that the averace difference

between the average ground count and the averace 2ssiqned volume falls between 718+ 189, two thirds
of the time. -

(10) Standard deviation divided by the average around count.

(11) The percent the summation of avound counts within a row is of the total counts on all links. “or example
in volume aroup 10000-15000, this value is (25X11,840)/1,777,278=16.7%

(12) Percent standard deviation multinlied by the nercent of total.

(13) Summation of individual weicht of errors.

TABLE V-1
ERROR MEASURES USED FOR CHECKING ASSIGNMENT. RESULTS. (51)
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cutlines

RMSE

5. A graphic comparison of ground counts versus assigned volumes.
The type of measures and checks made can be summarized to various
Tevels of aggregation, including:

- Total Area

- Volume Groupings

- Facility Types

- Geographic Location

- Specific routes

- Geographic aggregations

- Combinations of the above

Table V-2 shows an example of the comparisons that can be made between assignment
VMT and counted VMT by functional type, within sectors of an urban area, and
within ring, As shown, total vehicle miles of travel from the assignment is
98.8% of total VMT from counts, indicating that the travel data have been
adjusted to represent close to 100% of all travel and that the assignment
technique has been properly calibrated. The high type facilities indicate an
overload. Sector VMT's appear to be within 10% except for sector 0. There

is greater variation in comparisons by ring.

Table V-3 compares assigned VMT to actual VMT by ring and Tink type. This
table shows that VMT across the entire area checks within 1%. Primary arterial
VMT checks by ring are within a maximum error of 6.2%, secondary arterials
check within a maximum difference of 31.3%, and ramps within a maximum error of
60.0%, Within rings, the largest difference is 5.2% (ring 4). Within facility
type, the largest difference is 9.9%. This type of table is valuable for
checking assignment results by area type and facility type combined. Similar
tables can be prepared comparing assigned volume and counts by stratifying by
jurisdiction and functional class, ring-sector and functional class, or area
type and functional class.

A more stringent check of assignment results is to compare actual volumes
without conversion to VMT, The State of Ohio has developed a set of comparisons
made for most of their studies., Table V-4 shows comparisons of link volumes
across some of the cutlines used (corridors) in the Cleveland Area. The
location of the corridors are shown in Figure V-2. As can be seen, the corridor
comparisons vary from a value of 93.7% to 150.2%.

Many studies compare assigned volumes to ground counts on a link by Tink basis
utilizing the root-mean-square analysis for providing summary statistics (see
Table V-5)., Generally, this comparison is accomplished in volume ranges, but
may be done by functional classification, area type, administrative class, or
any other aggregation. The paper "Report on the Accuracy of Traffic Assignment
When Using Capacity Restraint" provides excellent examples of checks that can
be made (51). It also provides an indication of the accuracy of results that
may be obtained from traffic assignment techniques.

The root mean square error analysis results may be plotted on the curves repre-
senting the 0-D survey accuracy shown in Figure V-1, Comparison of the % RMS
error from the assignment check with that inherent in the 0-D survey will provide
an indication of the assignment error caused by the travel survey data.
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TABLE V-2

VMT ANALYSIS FROM FIRST RESTRAINED ASSIGNMENT (4 ITERATIONS)

Analysis Assigned Count Percent of
Base VMT VMT Control Total
Total 20,553,451* 20,811,723%* 98.8
Functional Link
Freeway 2,888,517 2,530,271 114.1
Expressway 352,054 352,574 99.9
Major Arterial 11,168,722 11,325,109 98.6
Minor Arterial 4,736,582 6,024,145 78.6
Turnpike 786,120 498,019 157.8
TOTAL 19,931 ;995 20,730,568 96.1
Sectors
0 510,393 661,211 77.2
1 3,148,349 2,870,654 109.7
2 2,473,738 2,296,925 107.7
3 1,572,544 1,494,307 105.2
4 1,239,061 1,116,836 110.9
5 1,207,450 1,308,517 92.3
6 2,425,138 2,674,391 90.7
7 2,299,521 2,369,412 97.1
8 2,868,561 2,951,384 87.2
9 3,747,262 3,484,310 107.5
Ring
0 510,393 661,221 T2
1 879,348 999,434 88.0
2 2,036,491 1,946,666 104.6
3 3,953,780 3,527,085 112.1
4 5,090,091 4,211,411 120.9
5 4,016,004 4,014,294 100.0
6 4,329,138 5,004,303 86.5
7 676,772 863,543 78.4

*Without local streets.
**Without through turnpike volumes.

***Ramps and special facilities are not included. Differencas in percentage
figures are related to inclusion of only those ramps with actual traffic counts
in count total and all ramps in assigned totals.

SOURCE: Ohio Department of Highways 167
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TABLE V-3
TRAFFIC ASSIGNMENT COMPARISONS BY RING

Primary Arterial Secondary Arterial Ramns Total

Ring Counts Assian. % Diff. Counts Assion. % Diff, Counts Assion, % Diff, Counts Assien, % Diff,

0 1136 1119 Tu5h 166 159 4,2 8n 85 -6.2 1382 1363 1.4

1 3367 3159 6.2 740 860 -16.2 85 136 -60.0 4192 4155 0.9

2 4215 4127 2,1 1327 911 31 .3= 501 752 -50.1 6043 5790 4,2

3 15761 15359 2.6 3407 3577 -5.0 4365 4365 10.2 23533 23746 -0,9

4 6895 7265 -5.4 1552 1797 -15.8 1787 1778 4.4 10234 10779 =52
TOTAL 31374 31029 1.1 7192 7304 -1.6 6818 749N -9.9 45384 45824 -1.2

A11 VMT's divided by 100
Source: Onhio Department of Highways



TABLE y._4

CORRIDOR CHECKS
Source: Ohio Department of Highways

Corridor Street Assigned Ground Percent of
Number Volume Count| Control Total
1 Chester 29,533 32,900
Euclid 11,924 19,200
Carnegie 16,550 13,400
Cedar 17,675 13,400
Total 75,682 78,900 95.9
2 Lake Avenue 21,335 17,800
Detroit 15,683 12,050
Hilliard 11,016 11,500
Center Ridge 9,278 11,600
West Wood 8270 3,800
Lorain 20,792 19,900
Brookpark 17,763 16,100
Mastick 6,077 5,200
Total 107,214 97,950 109.5
3 Shoreway EB 39,3n2 35,600
Shoreway WB 50,188 35,600
Detroit 21,066 21,400
Franklin 10,941 9,000
Madison 13,492 9,600
Lorain 26,139 17,300
Clark 12,911 17,250
Denison 28,165 26,000
Total 202,204 171,750 117.7
4 Ridge 22,537 23,000
Pearl 19,835 32,500
State 23,488 18,700
Broadview 20,5009 18,000
Total 86,369 92,200 93.7
12A Warrensville 22,759 16,000
Northfield 33,898 21,100
Aurora Road 24,466 16,900
Total 81,123 54,000 150.2
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R. M. S. Analysis:

|
|

1

0/D Assigned Volumes Versus Observed Volumes

Link Volume
(0BS.)

<5,000
5,000-9,999
10,000-14,999
15,000-19,999
20,000

Totals

TABLE V=5

427,080

)2

IR R

51,745,241
255,967,617
54,934,380
63,403,749
156,097,920

582,148,907

observed volume

assign volume

Source: Ohio Department of Highways
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Absolute Percent
- R.M.S. R.M.S.

1740
3885
3310
3980
5590

3485

oty ey

63,2
53.0
er,3
24.3
21.4

39,2

]



levels of
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The experience of another State has shown that a simple but effective check

- for network assignments using ground counts can be made by tabulating the

number of links by facility tyre, ADT range and assignment volume-to-ground-
count ratio group. For example, the tabulation would indicate the number of
expressway 1links with ADT's greater than 30,000 that have assignment-to-ground-
count ratios between 0.75 and 1.25. This same approach could be used in
judging the effectiveness of network calibration.

PRECISION OF ESTIMATES

It is difficult to establish desired levels of precision to be obtained in the
traffic assignment process, There are differences in accuracy of trips
assigned, network parameters used, techniques applied, size and level of
network coded, and geographic area covered.

In developing levels of precision by comparing existing traffic volume counts
and assignment volume results, one should keep in mind that errors found are
based upon assignments made where ground counts are available as a base toward
which one works in calibrating the assignment model. In this calibration, the
assignment model is adjusted so that it can reproduce the vehicular traffic

that is taking place as accurately as possible. It is then assumed that the
same type of assignment procedure may be wused to allocate future trip interchanges
to a future transportation system in a reasonable manner. The ground count
base, however, is not available for future year assignments. One hopes that the
accuracy of future year assignment, barring variations in trip forecasts, is
similar in accuracy to that developed for the base year.

A number of cities have been examined where statistics comparing ground counts
and assigned volumes have been developed (51). This was accomplished to compare
changes in accuracy due to application of the capacity restraint technique.
Considering that capacity restraint is a useful tool in providing accurate
assigrment results, the work provides insight into accuracies of traffic
assignment. The results of the work indicates that the best way to determine the
accuracy of the assignment process is a graphic presentation of the results on

a link-by-1ink basis on a network map. However, the root mean square (RMS)

error computed by volume range is a good method of summarizing assignment error
since it provides an indication of errors in individual Tink sections. In
addition, the "percent standard deviation" is approximately equal to the % RMS
error and was used to report results for ten cities, The percent standard
deviation for a volume group represents, for all practical purposes, the standard
deviation of the differences between the average ground counts and average
assigned volumés in that group, divided by the average ground count. For example,
if a volume range 1-500 has a standard deviation of 189 (referring to Table V-1)
and the average difference between the average ground count and assigned volume
was + 718, then the average difference between the average ground count and

the average assigned volume falls between 718 + 189, two thirds of the time.

The percent standard deviation would be 189/436 or 43.3% (where 436 equals the
average count). Table V-6 presents the percent standard deviation by volume group
for ten cities.
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Table V-6 shows that assignment accuracy is best (in terms of percent

standard deviation) at the high volume ranges where errors in the 12-15 percent
range are achievable. Presumably at the much higher volumes (i.e., 60,000-
100,000 VPD) errors less than 10% can be achieved. At the low volume end

very high errors appear to be the rule, generally running over 100 percent.
Fortunately, not too much design or major traffic improvement work are done

at these Tow volumes using assignment results. Generally, it can be seen

that the error in assignment is quite large for volume groups up to about

5000 vehicles per day; the error obtained for volumes greater than 10,000

is considerably less. For additional indications of the accuracy of traffic
assignment the reader is referred to Fiqure and Tables in the previous section,
“statistical measures".

Although it is difficult to establish desired levels of accuracy which all

practitioners should strive for, it is important that desirable accuracy levels

be established by each practitioner relative to the use to be made of the assignment
assignment results, For design purposes, for example, an accuracy should be 3ZFccurac
achieved which would not cause a difference of one lane in the design due to ET?EE}‘%%
inaccuracies of the assignment results. Work done for the NCHRP by Creighton;"ﬁﬁTgﬁés
Hamburg Planning Consultants (34) provides insight into the effect of assignment
inaccuracy on the design process. Fiqure V-3 shows the one direction design hour

volume ranges within which four, six, and eight lane urban freeways are required

for design levels of service C and D. Each plateau on the curves can be

separated into zones where the numkter of lanes is either sensitive or in-

sensitive to the design hour volume. As an example, there js little problem

1in specifying six lanes providing level of service C when the estimated DHV

is 4000 (the midpoint of the plateau) since the DHV could be in error by +

25% without changing the Tane requirement. However, if the DHV were near the

extremes of the range (3200 or 4800) a very small error could result in under

or over design by one lane in each direction.

Figure V-4 further strengthens this idea. It shows zones of sensitivity and
insensitivity at level of service B for 10 percent, 20 percent, and 50 percent
estimation errors. These areas of insensivity are determined by finding the
segment of each Iine shown in Figure V-4 where an error in traffic volume would
not cause a selection of either one lane less or more than required., In the
sensitive areas the wrong number of lanes might be selected. By summing the
lengths of the insensitive and sensitive sections along each estimation error
line, one can find the proportion of cases where the number of lanes is either
sensitive or insensitive to the estimation errors. If one assumes that traffic
estimates are likely to occur all along the volume Tevel shown (0-5000 VPH),

it could be inferred that for a 10% estimation error the number of lanes is
sensitive in 35% of the cases and insensitive in 65% of the cases; at a 20%
error the lane numbers are sensitive in 67% of the cases; and at a 50% error
the number of lanes is sensitive in 87% of the cases. It is desirable to keep
error low, since this decreases the number of decisions that must be made in
sensitive areas,

An approach that might be used to establish desired accuracy would insure
that the design would not be off by more than one lane due to the errors in
the traffic estimates, Table III-3 shows an example of urban design criteria
and standards calculated on the basis of some assumed values of directional
factors, peak hour factors, etc. Assumino the decision is made to build the
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TABLE V-6-FLRCENT STANDARD DEVIATION BASED ON THE RESULTS OF AVERAGING FOUR LOADINGS (51)

Percent Standard Dewviation by Volume Group

00-1/2 1/2-01 01-02 02-03 03-05 05-10 10-15 15-20 20-25 25-30 30-UP Total

Salem 76.2 49.5 b1.9 31.3 37.6 33.8 32.8 21.7 59.7 = - 41.8
Sioux Falls* 132.8 156.8 107.5 56.4 54.6 38.7 36.6 - - - - 49.1
Green Bay 62.9 55.4 62,2 71.6 8.8 46.7 38.9 29.3 15.2 - - 49. 4
Madison 199.6 99.4  61.1 k42,7 36.4 30.9 25.6 18.1 12.7 7.0 14,8  30.9
Tucson* 138.0 91.6 124.3 79.1 M43 36.6 34.2 39.6 21.3 21.7 - by .7
Salt Lake#* 485.4  212,9  88.0 50.7 43.6 34.0 20.8 32.0 30.3 15,9 12.2  38.0
Honolulu 141.4 120.0 98.6 51.1 63.1 s4. 4 52,1 250 35.1 34.0 36.7 53.5
Portland® 256.4  152,7 126.8 68.6 61.5 48.8 39.7 32.5 31.3 29.1 53.1 55.3
AETadta 63.3 68.8  77.3 59.0. A4s5.4 Lo.,5 27.0 26.5 27.5 424 36.1 39.0
Denver* 817.4  315.4 174.9 97.5 75.6 53.1 31.8 23.3 26.3 25.5 16,0 444

*Average of 3 loadings

**Average of 5 loadings
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Percent Error in Assignment Results Related to ADT

TABLE V-7

ADT

Functional Number of Range + % from

Class Lanes (000's) TADT ADT
13 8 80-105 13 92800
12 6 55-80 18 67600
11 4 30-55 29 42600
10 6 33-43 13 38300
9 4 23-33 28 28300
8 6 27-36 17 31800
7 4 16-27 25 21200
6 6 20-28 17 24800
5 4 12-20 27 15700
4 I e
3 4 9-18 34 13600
2 4 8-13 27 10250
1 2 2-8 56 4850
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the number of lanes indicated by a range on either side of each ADT, equal

to one-half the difference from the next ADT, the values shown in Table V-7
can be derived and are also plotted in Figure V-5. This result would indicate
that to be no more than one lane off in a design, the following average errors
would apply:

Volume Range (000's)

(ADT) Error in Volume - %
5-10 35-45

10-20 27-35

20-30 24-27

30-40 22-24

40-50 20-22

50-60 18-20

60-70 17-18

70-80 15-16

80-90 [4-15

Referring to Table V-6 showing results from ten studies, it can be seen that
many studies achieve the accuracy shown above and in some cases do considerably
better.

PRESENTATION OF RESULTS

The traffic assignment process results in large amounts of output data in

the form of system loads. These system loads must be reviewed in relation to
the system established, input variables, such as, speed and capacity and in
relation to loads obtained from alternate systems. Assimilation of assignment
results varies with the type of output media (i.e., tabulations, graphical plots,
system plots on a link by 1ink basis) as well as with users of the data.

Users of Results

The users of traffic assignment results include urban transportation nlanning users
and operating agencies, other public planning and operating agencies, decision of 0/P
makers in government, the public and private business firms. These users -
generally require differing forms and levels of output media. The output may
be used for:

- Reporting and presentation

- Analysis

- Supplying modified input to modeling procedures

Decision makers require information which is in highly summarized form, and

can be used by the decision maker in presentations to others such as at public
hearings. In addition, the output should be available to meet quick reaction
type of requests. The output medium must provide concise summary information
amenable to quick visual interpretation. The types of output generally desired
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PERCENT ERROR
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*See table V-7 for calculation ADT
FIGURE V-5

PERCENT ERROR IN ASSIGNMENT RESULTS RELATED TO ADT



include: geographic data displays (i.e., map presentation of data based
upon coordinates associated with the data); histograms; bar charts; and
other visual aids for presenting relationships between data.

The analyst generally requires more detailed output. He must be able to
evaluate detailed results. He requires well organized tabulations as well as
detailed network geographic display. He should be able to obtain a wide
variety of data organizations, whether in tabular or geographic form.

In this report, little discussion will be presented relative to tabular reports.
Generally tabular reports must be tailored to the needs of the user. The computer
various computer systems available generally provide information for the
analyst on both a detail Tink by link basis and in summary statistics, such as,
average network speeds, vehicle miles of travel, etc., summarized either for
the entire area or in accordance with user specifications for area types,
functional or other classifications, volume ranges, etc. Most computer

systems provide well designed tabular reports which are most useful for the
analyst. Tabulations or summary reports for others, such as, administrators,
reports to the public, etc., generally are made from the detail information.
Most are done manually from the more detailed computer output. Some users of
traffic assignment procedures have produced their own programs for summarizing
assignment results for use by others.

Display of Assiagnment Results

Traffic assignment results basically consist of computer generated traffic

volumes on the various sections of facility on a network. These traffic volumes

can be analyzed on a Tink by Tink basis, as well as by reviewing summary

statistics by facility type and/or area. In addition, other values, such as
capacity, are compared with the resultant assignment volumes and these comparisons
viewed on a link by 1ink basis or on a summary basis. Graphical display may include
the following:

- Geographic data display on a link basis; i.e., map presentation
of data.

- Histograms, bar charts, and other visual aid for presenting
relationships between data; i.e., the changes in speed by facility
type due to capacity restraint application,

- Geographically and relationship coordinated displays such as stick
diagrams which, due to recent developments in plotting software,
may now be visually represented by "three-dimensional" perspective
views; i.e. presentation of vehicle miles of travel by geographic
location (ring, sector, etc.). An example of such a diaaram is
shown in Figure V-6,

rapnical

isplay

Many types of geographic data display on a link by Tink basis have been produced.
Examples are:
- Links annotated with directional volumes
- Links annotated with non-directional volumes
- Links annotated with volumes and with capacities
- Links annotated with volumes from two sources (e.a., 0-D volumes
as well as Gravity Model Volumes).
- Links annotated with or plotted with color representing the ratio
of two values, such as, volume/capacity.
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FIGURE V-6
PLOTTER PRODUCED STICK DIAGRAM

Source: Creighton, Hamburg, Inc.



- Volumes shown in bandwidth form (width of band proportional to
volume, either "open" or filled in solid). " %ﬁEE;EE{L
- Bandwidth plots showing (3ay) capacity on one side of the link, display
assigned volume on the other,
- Links shown in up to six or eight different colors where each

color represents a range of volumes.
- Color groupings combined with bandwidth.

The above types of graphical representation might be produced for an entire
system or only for some portion of the system. Selected criteria might include
plotting only those links that are over capacity or resultant speeds after
capacity restraint below some set value. Perhaps only volumes are desired

for certain classifications of facility; i.e., freeways, or in selected
geographic locations throughout an area.

The above 1ist certainly is not exhaustive, but should suggest the types of
displays produced from detailed computer output. The above types of display
might be produced for entire networks or only some portion for special study.
Likewise, these types of display are not produced from all traffic assignment
runs but only when detailed analysis or presentation to others is required.

In testing of alternatives, for example, some practitioners only review surmary
output statistics and do not plot detail Tink values until an alternative is
chosen for detailed study.

Some examples of link plots are shown in Figures V-7 through V-17 (these may

be produced manually or by automatic plotting methods as described in the next
section; examples of both are presented here). Figure V-7 shows an example of

a section of a network annotated with Tink volumes (non-directional) as produced
by an automatic plotter.

Figure V-8 shows volumes assigned to individual Tinks by bandwidth produced

by a plotter. Figure V-9 shows volume/capacity ratios by bandwidth (the

original of this plot was in color with different colors used for different

V/C ratio ranges). Figure V-10 shows a comparison of assigned volumes and ground
counts on an existing freeway system. Figure V-11 is a similar comparison, accom-
plished by using an automatic plotter., Figure V-12 is a manually produced

display of needs on a corridor basis. Figure V-13 is an automatically plotted
network with one tree also shown. Link times are annotated for each link. The
original was plotted with the base network in pale red and the tree in blue.

Summary statistics and comparative results from alternate traffic assignments can
be shown by histograms, bar charts, graphs, etc., either produced manually or
through the use of automatic plotting devices. These automatic plot devices
are generally capable of producing most of the types of display discussed below.
The types of assignment results which can be displayed by summary statistics
are listed below with reference to example displays:

- Trip length distributions from various capacity restraint runs,
comparing alternate systems, or comparing 0-D versus model trips
(see Figure V-14 for example).

- Comparison of summary statistics for alternate route locations, such
as, average speeds, vehicle miles of travel, or derivatives from the
assignment process, such as, costs. Figure V-15 presents costs
plotted for alternate locations of a proposed facility.
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FIGURE V-7
NETWORK PLOT WITH ASSIGNMENT
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Connecticut Highway Department

Figure V-8
Network Band Plot
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Source: Ohio Department of Highways

FIGURE V-11
COMPARISON OF ASSIGNED VOLUMES AND GROUND COUNTS
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- Number or percentage of links in some stratified grouping,
such as, volume, speed, volume/capacity, etc. An example
of such a display for volumes is shown in Figure V-6 .

- Comparisons of traffic volume with capacity across some corridor
as shown in Figure V-17 .

Automatic Plotting

The voluminous output of computer programs used for transportation planning
requires that efficient means be utilized for assimilating the data. Automatic
plotting methods offer the means for a faster assimilation of planning informa-
tion than can be accomplished from printed output. Most state highway departments
either currently have plotting equipment, are planning to acquire such equipment,
or are updating already available equipment. The three types of equipment to

be considered are:

- Digitizers . automatic
- Electro-Mechanical Plotters plotting

- CRT Display Units

There have been dramatic improvements in computer graphics since 1955 when maps
of travel desire lines were printed directly by IBM accounting equipment for
the Detroit Metropolitan Area Traffic Study. This use of printinc values in

a coordinate format to map data has been elaborated to include isolining,
symbolic representation, and shading, all usina high speed printers. Line
plotters have been used to prepare Tine drawings of networks, traffic flow maps,
charts and graphs, maps of boundaries, such as, census tracts, counties, etc.,
and perspective drawings of three dimensional arrays, such as, the population
density of a region. Finally, the development and use of the cathode ray

tube as a direct graphic display device has come into its own in many fields,
and eventually may become part of any plotting system. A recent report was
prepared on digitizing, plotting, and display equipment and methods from the
viewpoint of the transportation planner. Much of the material contained herein
has been extracted from the report "From Numbers to Pictures" prepared for the
Federal Highway Administration by Mr. Ernest Nussbaum of the General Electric
Technical and Operations Services Department (54).

Automatic plotting requires that coordinates be associated with the points to
be represented. Digitizing is the process of determinina coordinates for points
and identifying them.

Most plotting work useful to transportation planners must be preceded by digitizing
extensive digitizing. The latter cannot be performed too carefully, as errors
in the digitized data are apt to cause considerable expense in wasted computer
and plotter runs., The cost of such careful digitizing is fairly high and
justified only if it is spread over a number of plots making use of the data.
For assignment purposes, this generally consists of determining the coordinates
of nodes and centroids for the transportation network and identifyina the
coordinates with their node numbers. This can be done either manually by
measuring each point off a map, or by machine digitizing where an operator

moves a cursor from point to point, activates a switch to automatically

record the point's coordinates, and keys in necessary identifying data. If area
boundaries (zones, blocks, etc.) must be digitized and most of the shapes are
irregular, machine digitizing is generally less expensive than manual efforts.
Where networks are to be digitized, the choice is usually dependent upon
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the street pattern. Where most of the system is a grid pattern, the labor of
manual digitizing is greatly reduced since for all nodes on a particular E-W
or N-S Tine, one of the coordinates has to be determined only once. In
addition, there is generally a problem with digitizers to obtain exactly

the same coordinate value along a facility for one of the directions on all
nodes to avoid wiggles in the automatic plots made from these.

When only one or two map sheets with relatively few data points are to be
digitized, it is generally quicker to do the work manually. Digitizers are
most useful where there are thousands of points to be digitized. Also, if
maps are of small scale or if digitizing must be done from prints of poor
quality, better results will be obtained if the job is accomplished manually.

Once the necessary points have been digitized, automatic plotting is generally
cost effective relative to manual plotting of assignment results. The choice
of whether to use automatic plotting should be based on the number and types
of displays to be produced as well as the relative costs of manual to automatic
plotting. Basically, automatic data plotting can be justified for the following
reasons.
- Decrease errors since plot is made directly from output of a
computer program.
- Decrease the time span from the raw data state to the useful
information state.
- Free personnel for other work.
- Increase information accuracy and reliability.
- Eliminate tedious and boring jobs.

The automatic plotters that are useful for transportation planning applications
should have a surface on which plots at Teast 2 1/2 X 3 feet can be made, These
plotters can be driven with input provided by a computer (on-line) or magnetic
tape or cards (off-line).

The majority of state highway departments and other transnortation planning
agencies have access to a plotter. A considerable number are now producing
traffic assignment results automatically plotted.

When considering acquisition of a plotter, consideration should be given to the
following items:
- Flatbed versus drum
- Size of plotting area
- Physical size and weight
- Off-Tine versus on-line operation
- Hardware Versus Software Features
- Annotation Capability
- Multi-pen capability
- Paper Advance Mechanism
- Speed
- Noise Level
- Software Availability and Cost
- Service Costs and Availability
- Cost and Availability of Supplies
- Cost of Lease or Purchase
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In addition, consideration can be given to the use of plotters available
through service bureau operations, The decision to buy or lease versus use
of a service bureau will depend on the quantity of plots to be made, the size
of the system(s) to be plotted, as well as, the source of other computer
related services. Figure V- 18 shows an example of an automatic nlotter.

An automatic display device which has not yet found widespread use in
transportation planning is the cathode ray tube (CRT) on which lines and

alphanumeric characters can be "drawn" by a computer for rapid visual examination,

A picture can be created within a few seconds. There appears to be possibilities
for future use of such equipment.

Currently, screen sizes vary from about 5 X 7 inches to 12 X 12 inches. Some
display units have an optional hard copy attachment with which a permanent record
of a picture can be made if desired.

Most use of CRT units stresses "interactive" capability where the user is on-line
with the computer and uses some device to make changes in the data stored.
These devices include light pens, joysticks, keyboards, etc.

For displaying graphs, very small networks, small portions of larage networks,

or any other relatively uncomplicated picture, CRT's are feasible solutions.
Large area displays (entire networks) can not be readily handled. The

advantage of CRT display is that output is available immediately after being
produced by the computer. A number of different plots can be shown in rapid
succession. In addition, the analyst can make changes to the picture (i.e., add
or delete Tinks, link speeds, etc.) and see the results visually soon after.

This Chapter provides the reader with a set of evaluation procedures and
measures for evaluating traffic assignment results. Assignment results obtained
in the application of techniques by field personnel are shown to allow
comparisons in traffic assignment application.
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FIGURE V-18
AUTOMATIC PLOTTER

California Computer Products, Inc.




CHAPTER VI
SUMMARY

Traffic assignment is a much used method and important part of the Transportation
Planning process. The technique has progressed from manual applications

through use of large - high speed electronic computers. Through the years
methods have been developed which offer advantages over what might be classified
as the "traditional approach" for specific applicational needs, However, the
traditional approach, which may be typified by the Federal Highway Administration
Urban Planning System is still the most utilized approach to traffic assignment.
Likewise, applications of assignment methods have evolved over the years and
there is a wealth of background experience to draw from in utilizing assianment
techniques which, it is hoped, is reflected in this document. The products of
the assignment process are varied and in some cases voluminous. Precision of
results vary by the care taken and applicational methods utilized. The utility
of results is greatly enhanced by the presentation techniques utilized and
summaries produced. This document presents background information in these
products.

The utilization of a specific applicational technique should be based upon
specific needs, such as: overall system testing and evaluation, small area
detailed analysis, sketch plannina and development of design volumes. Techniques
should be chosen carefully in relation to the problem at hand and overall
considerations of accuracy and cost. Available technigues include the traditional
highway assignment techniques, the transit planning system, micro-assignment, the
direct traffic estimation method and the numerous variations on these.

Traffic assignment techniques are utilized for many purposes as well as special
applications. They are used for: testing and developing alternate transportation
systems; establishing short range priority programs; detailed studies of traffic
generators, corridor location studies; developing design volumes; and providina
input to other planning tools. Subsidiary special applications may include
studying the air pollution and noise effects of a system, evaluating traffic
effects of shopping centers and filling stations, determining locations for
public services such as fire stations and ambulances and scheduling routings

for trucking systems for solid waste pick-up and disposal.

Traffic assignment techniques have found most application in urban study, but
have successfully been utilized for statewide and nationwide study.

Analysis of traffic assignment results, while not considered as part of the process
by some, is extremely important, Traffic assignment analysis should include:
- establishing the validity of assignment results
- systematically producing workable data for evaluation including
economic evaluations, further general planning and design volumes.
- permitting evaluation of internal system performance (identifyina
good and weak points in the system, delineating deficiencies, etc.)
- establishing comparative evaluations with other parameters to
aid in the planning and design
- permitting the evaluation and interpretation of results for use
by engineers,
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Most users of traffic assignment techniques for basic system planning consider
a minimum of three assignments:

- existing trips to the existing system

- future trips to the existing plus committed network

- future trips to the existing plus committed plus proposed network

A good deal of analytical and comparative analysis is never accomplished due

to poor documentation of decisions made during the traffic assignment process

as well as poor documentation and notation of input data, maps, printouts,
tapes, cards, etc. Additionally, funds are often wasted in re-doing work
already accomplished and in trying to track down the work accomplished sometime
earlier., It is extremely important that good records be maintained on the
status of data, runs, output, decisions made and other factors related to the
process. One scheme used (14) is based upon an identification number beina
given to each traffic assignment., Some have used a two digit system where the
first digit refers to the year which the network represents and the second digit
represents the individual assignment or revision thereof. For example, the
number "1-5" would represent the existing system, revision of assignment number
5; the number "3-7" would represent a 1985 network, trial number 7. Al1 maps
and tabulations pertaining to the individual assignment are given this number.
A1l material such as tracings, prints, notes, decisions made and analysis should
be kept together or cross-referenced by some filing system. Copies of the
following basic tabulations should be bound together, Tabeled and preserved for
reference:

tabulation of Tink data cards
printed historical record
assigned volumes
tabulation of zone-to-zone trips
tabulation of selected trees
It is most important that magnetic tapes with output data be well labeled, A
suggested method is to maintain a card file containing detailed information
relative to a tape and referenced to the tape by a number, The number would be
placed an the tape along with a short description of the tape contents. The
cards of the file should be organized to allow easy access to the tape. Some
organizational schemes include:

- by data type; i.e. historical records, trees, trips.

- by system; i.e., 1990 transit system, 1980 hichway system, 1970

current plus committed.

- by project type; i.e., long range study, corridor study, special

generator studies, etc.

The selection and use of an assignment process should logically proceed from
the specification of the prob]em?s) to be solved through the procedures to
be used to the analysis of results. A summary of the major steps that should be
considered is presented below:

- define problem

- establish goals and objectives

- develop analytical approach

- select methods including those for traffic assignment

- review inventories and summaries available

- prepare base maps

- lay=-out network to be utilized _

- obtain system parameters - speeds, volume, capacity, etc. - required
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- code the network for processing
. locate and number centroids
. connect centroids to system
locate and define nodes
. prepare a node numbering table
. assign node numbers
code system parameters including turn penalties and prohibitors
treat special situations such as external stations
- eva]uate zone-network relationships
- adjust and calibrate network
- check results of calibration versus measurable characteristics
utilize process for solving problem(s) defined
summarize results for presentation

Again, the traffic assignment methods provide a useful tool for transportation
planning applications. The method to be used should be selected carefully,
applied carefully and the results analyzed and used with a knowledge of the
lTimitations as well as the henefits to be derived. This document has attempted
to provide information on the methods, applications and products of traffic
assignment.
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