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PREFACE 

The major purposes of this guide are: 
- to present in concise terms the techniques currently 

available for estimating loads on a transportation network, v✓ ith reference 
to more detailed literature should the reader desire additional information. 

- to discuss the operational decisions that must be made in 
applying 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 assi 9nment 
procedure in addition to the traditional network plannin9 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 local 9overnment 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 Plannin~ 
Division of the FH\·JA 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 
high\vay 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 menti on of 
all sources of information here, we have attempted to reflect the 
philosphy and vie\vS expressed by those professionals contacted in the 
field. 
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CHAPTER I 
BACKGROU ND 

DEFINITION AND GENERAL DESCRIPTI ON 

Traffic assignment is a process used to aid in the development of loadings 
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. Th e 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 tri p 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: 
- The development and testing of alternate transportation 

sys terns. 

uses of 
tra-rf1c 
ass1 gnr.1ent 

- The establishment of short range priority orogi·ams 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 desi gn volumes 
- Providing necessary input and feedbac k 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 traffi c assignment process, regardless of the type of network 
to be considered (transit, highway, rail, etc), includes: 

- Network geometry - A descripti on of the interconnections and 
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 comb ination of these. No other 
network parameter is required, but others are developed for 

input & 
output 



special analytical purposes as will be described. 
- Interchange values - This value is the characteristic to be loaded 

onto the transportation network through the assi gnment 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 frei ght 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 dest i nations . 

Assignment techniques (except "direct" assignment methods such as DTEM 
see page55) 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 accumulatio'n 
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 transportation 
planning process (see next section). However, the results (i.e., traffic 
flows on segments of a network) of t he assignment process are usually viewed 
as the most critical, are most widely used, and are the type of results wh ich 
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 mo re exposure, analysi s , 
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, t he 
continuing urban transportation planning process will be sinqled out. 
The continuing elements of the process consist of the follo\r✓ino five rihases: 

- Surveillance - maintenance of transportation related data 
on a current basis 

- Continuing reappraisal - insuring maintenance of planning 
process and program ori 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 

2 



w 

GOALS AND 
OBJECTIVES 

ORGANIZATIONAL AND 
INVENTORIES 

POLICY AND TECHNICAL 
CITIZEN PARTICIPATION 

COLLECT DATA 
POPULATION 
ECONOMIC ACTIVITY 
LAND USE 
TRANSPORTATION SYSTEM 
TRAVEL 
TERMINAL & TRANSFER FACILITIE 
TRAFFIC CONTROL FEATURES 
LAWS AND ORDINANCES 
FINANCIAL RESOURCES 

ITY VALUES 

DEVELOP IMMEDIATE 
ACTION PLAN 

ANALYSIS 
CALIBRATE MODELS 

LAND USE 
TRIP GENE RATION 
TRIP DISTRIBUTION 
MODAL SPLIT 

AREAWIDE FORECAST 

T 

POPULATION LAND USE 
ECONOMIC TRAVEL 

REVENUES 

SURVEILLANCE 
REAPPRAISAL 
PROCEDURAL DEVELOPMENT I .,. ■ 
SERVICE 

L ______ - - -- - - --- _____ J 
FIGURE 1-1 

THE CONTINUING URBAN TRANSPORTATION PLANNING PROCESS 

ANALYSIS OF FUTURE 
ALTERNATIVE SYSTEMS 

DEVELOP ALTERNATIVES 
APPLY MODELS 

LA N1l USE 
TRIP GENERATION 
TRIP DISTRIBUTION 
MODAL SPLIT 
TRAFFIC ASSIGNMENT 

PLAN TESTING , EVALUATION 
AND SELECTION 

PLAN 

IMPLEMENTATION 



basis for 
assignment 
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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 
(l) 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 whic~ is a 
necessary input to most distribution models. The impedances on a zone to 
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 
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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 links. 

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 
Future trips to the existing plus committed 
netvwrk(s) 

net\'1ork 
pl us proposed 

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

Detailed Network Study 

The continuing transportati on planning process puts emphasis on the use role in 
of the traffic assignment technique for specific, detailed study and cont1nu1ng 
analysis as well as model formulation and development, and evaluation of planning 
alternate transportation systems. There is continuing refinement of future 
system plans through rearpraisal of changes in an area and i mprovement 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 provis ion of 
additional service where necessary 

- development of design hour volumes and other factors necessary 
for the detai led design of facilities 

HI STOR ICAL 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 early 
idea was related to the testing of alternate locations for a single new applications 
transportation facility such as a toll fac il ity, freeway, or other high --
type route. Origin-destination information collected at roadside l ocations 
on existing facilities was used as a base. This travel was usually 
factored to represent some future demand considering factors such as 
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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 his 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 ti me consuming 
accumulation of individual section imredances 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 ineffi cient 
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, persona l experi ence , and judgement 
using measures such as travel time, travel distance, and costs via the 
alternate routes. Early study indicated that relative travel ti me between 
two facilities would provide the basis for a reproducible approach. 
Mr. 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 ti me savinqs between 
the proposed and existing facilities, combinations of ti me and distance 
savings, and combinations of time and di stance ratios. Studies were made 
to support the proposed diversion approaches and applications were made in 
several locations. 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 highway departments. California, 
for example, developed time and distance savi ngs curves which consist of 
a series of hyperbolas (5) . These studies and approaches dealt generally 
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 ~vere time consumin0 and ifTlpractical for application to entire 
networks. 

6 



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 accomplis hed 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 \',ere, 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 prohi bitive. 

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 i~petus for computerizing 
the route selection process for t raffic assignment: The Shortest Path 
Through A Maze, by E. F. Moore; The Shortest Route Problem, by G. Dantziq. 
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 
1 arge networks was 1 a ter 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 assign.ing all trips to one mi nimum 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 assignment process. Segment soeeds had 
to be specified without knowing the volume assigned to a segment. The 
feedback process incorporating a speed to capacity function i,,1as incorporated 
in the assignment techniques and is known today as capacity restraint. 

7 
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Most of the assignment technique development was aimed at hi ghway system 
work. In the mid l960's, howe ver, the f irm of Alan M. Voorhees developed 
a transit planning package of assignment programs which considers the 
special network problems related to transit assignment (6). This system 
was later prepared for the "3rd generation of computers" v1hich is based 
upon solid state circuitry. Processing speeds and data storage capabilities 
were therefore significantly increased. In addition, manufacturers 
provided for program compata bility between different computer models 
and reli ed more heavily upon direct access storage devices (i.e. , disks). 
The Urban Mass Transportation Administration has further developed the 
Transport ation Planning System (UTPS) (7). 

One of the more critical problems encountered by several transportation 
planning agenci es was the inability of the assignment systems to handle very 
large networks. The State of Texas developed a network partitioning system 
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 Corrmiss ion (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 l arge for available systems. 
- A system was required where resu lts could be obtained for a 

portion of a network or even a single segment. 
This resulted in the development of the Direct Traffic Estimation Method 
which allows ass i gnments to single links or any grouping of links as 
required (9) . 

Another problem of increas ing importance is the necessity to study route 
locations and street systems in detai l, as well as to simulate detailed 
vehicular movements in smal l areas. Some users have adapted the general 
assignment technique to this small area or detail study. Creighton , 
Hamburg, Associates has developed "Micro Assi gnment", ~1hich provides for 
assignment of traffic to a finely coded network and which incorporates 
traffic control features (10). 

There are many special applications that have developed because of computer 
solution to the assi gnment process. This includes selected link analysis 
(to detennine -trips using specified segments), s piderweb assignments to 
aid in developing systems, and automatic graphical display of alternate 
assignments. Other developments based upon computer availability that 
ha ve added to assignment .capabilities include work done in sreeding up the 
route selection process such as the Road Research Laboratory Algorithm (11), 
multi route assi gnment techniques such as probabilistic assignment 
(STOCH) (12) and incremental l oadings as an approach to capacity restraint (13). 
In addition, automatic plotting capabil iti es have vastly increased the 
ability of traffic assi gnment users to assimilate the data produced by 
computer ass ignment. New features and capabilities a re 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 assi'gnments with any of the traffic assignment computer systems 
available. For detailed information concerning the FHWA urban plannin~ 
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system 360 program battery refer to the two manuals Urban Transportation 
Plannin - General Information (14) and Urban Transportation Planning -
rogram Documentation 

OTHER USES FOR MINIMUM ROUTE DATA 

Input to Other Models 

Although the basic results of the traffic assignment process (segment loads) 

computer 
system 
reference 

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 assisgnment technique •. The minimum routes might be based upon 
travel time, with related costs added, or t hey might be based on cost coded 
to the transportation facility segments. Other modal split tec hn iques 
utilize accessibility indi ces 1-,hich 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 techni ques 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 distri bution (l ). Likewi se , 
some practitioners have used accessibility indices as a variable in their 
trip generation analysis. 

Network routing input to the calibration and appl ication of the various 
models for transportation planning r equires 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 
highways. for example, include: 
Current f~etworks (model calibration) 

Actually measured speeds 
Speeds based upon a sample of measured speeds 
classifi ed by functional clas5ification and area type 
Desired speeds 
Free flow speeds 
Some function of signed speeds 

Future Network (model appl ication) 
Speeds based upon current network capacity restrained speeds 

• Current netlvork speeds classified by functional class and type 
of area 
Desired level of service speeds 
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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" 
l evel of analysis is required for planning purposes , uncongested input 
speeds for segments might be indicated. If the use is for design 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 feedbac k process to account for system 
congestion, which in current practice is based mostly upon capacity restraint 
techniques. 

Special Studies 

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

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

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

- Scheduling the mos t economical routings for a truckin9 system 
for solid waste pick- up and disposal. 

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

- Providing infonnation necessary for the evaluation of alternate 
locations for shopping centers, fillin g stations, etc. 

- Studying the po llution effects of automobile exhaust em is sions 
throughout an urban area. 

DATA REQUIREMENTS 

Network Geometry 

The three basic data requirements for any traffi c assignment techni~ue are: 
network geometry; network parameters; and interchange trip values. Although 
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 networ k 
and their interconnections. For most assi gnment techniques, the geometry 
description represents the network as a collection of nodes (numbering of 
intersecti ons) connected by lin ks (transportation faci lity segments betiveen 
nodes). The description of network geometry is similar to viewing a map 
of a highway system. A sample highv1ay network is shown in Figure I-2 . 
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In addition to defining the interconnection between segments, the network 
geometry describes the interconnection between loading point s (points at 
which trips are loaded onto the network) and the network. 

The network geometry is described differently for special assi gnment tec hniques 
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 
links each of v1hich 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 sche~atic view of this concept 
is shown in Fi gure I-3. 

t 

2 

t t t t 
CONCEPTUAL LAYOUT LAYOUT FOR CODING 

FIGURE 1-3 

INTERSECTION LAYOUT FOR MICRO ASSIGNMENT (10) 
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Because of. special transit operation considerations, the transit system 
deviates from the more general assignment 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 lin ks , 
one to each mode, between any two nodes. In addition, nodes are coded only 
at load and transfer (station) poi nts between transit lines. Example of 
network geometry for a transit network is shown in Fiqure 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 t his 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 highway networks usually incorporate 
data for lin k 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 interconnecti on with l oad points. Link 
capacities calculated usinq techniques described in the Highway Capacity 
Manual - 1965 (16) are used to provide a feed back during the assignment 
process in representing system congestion via some capacity restraint 
technique. Descriptive data, such as functional classification , administrative 
classi f ication, 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 i mpedance values for each lin k (i .e., travel ti me 
and/or speed and distance). 

Because of special operating characteristics, transit ass i gnment 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 I-6 shows the in put data format used to code 
for the UT PS (UMTA Transportation Planning System). 

The micro assignment technique recognizes traffic control features. On this 
basis, in addition to lin k 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 l anes , 
lane reversal indications and parking information. The input format for the 
micro assignment package is shown in Figure I-7. 
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Examp 1 e Trans it Network Geomet ry (7) 
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Card 
Columns 

1 
* 2-6 

7 
* 8 - 12 

13 
*14-17 
* 18 
*19-21 
22-24 
25 - 28 
29-31 
32-36 
37-38 

39 
40 

* 41 
*42-44 
45-47 
48 - 51 
52-54 
55-59 
60-61 

62 
63 
64 
65 
66 
67 
68 

69-70 
71-74 
75-78 

79 
80 

Colurm 
Contents 

Unused (perhaps identification) 
A-node number 
A-node l eg number (0-3) 
B-node number 
B-node leg number (0~3) 
Distance 
To r S for time or speed (A-B) 
Time or speed (A -B) 
Turn penalty codes at node B 
Hourly capac ity (A-B) 
Conversion factor (VPH/ ADT) , (A- B) 
Directiona l count (A- B) 
Street width (A-B) 
Parking (J\- B) 
Unused (A- B) 
Tor S for time or speed (B-A) 
Time or spee d (B-A) 
Turn penalty ~od~s at node A 
llourly capacity (B-A) 
Conversion factor (VPH/ ADT), (B - A) 
Directional count (B -J\) 
Str ee t wi d th (B -A) 
Pa r k i ng (B-A) 
Unuse d (13-A) 
Administrative classification 
Functional classification 
Type facili ty 
Sur fa ce type 
Type area 
Predominant land use 
Link Iocation 
Route number· 
Condition 
Unused 

* Minimum d~t~ items t h~ t nus t bP cnrl0rl fnr ~n ~11-nr-nnthin~ ASsinn~ent 

Figure I-5 

High\iay tletwork Da t a -- FH\·!A Urban Transportation Planning Cattery (14) 
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trip table 

Trip Interchange Data 

All assignment techniques (except direct assignment methods w~ich 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 the network or may be external points connected to the network by a 
1 i ne) . 

The t ri p matrix may be developed for any type of characteristic (e.g., time 
of day, origin-destination combinations, etc.). Twenty-four hour t rips 
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 generated by 
a model. 

The trip matrix used for micro assignment includes a starting time within 
the micro area for each trip considered since the technique assi gns smal l 
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 I I 
METHODS 

The objective of this Chapter is to provide a bas ic descri r tion and 
sufficient detailed informati on to allmv an evaluation of the various 
traffic assignment techni ques that are now avai labl e. References 
are made to report s and documents that provide additional information 
on t he use of computer programs and systems which apply these techniques 
for those who may wish to make use of a particular system. Ot her 
documents referenced will provide more detailed theory description and, 
in some cases, results of apnlications made. In addition to the description 
of the more traditi onal ass ignment tec hniques for high~vay and transit 
(i .e., trip interchanges assi gned to minimum paths). information is provided 
on other traffic assignment methods. Included are traffic diversion 
theories, capacity restraint, a multi route probabi li stic approach, direct 
traffic estimation, as well as small area assignments using t he newly 
developed "micro assignment", ·adaptation of netvJOrk methods and other 
simulation techniques. 

MINIMUM PATH AND DIVERSION TECHNIQUES - HIGH~JAY ASSIGNMENT 

Minimum Routes 

Much of the early development in traffic assignment v1as related to hi9 hway 
transportation. During the last several years. there has been increasin~ 
development and application of techniques for other modes of travel. But, 
the greatest amount of avai labl e techni ques and facilities are still 
related to highway networ ks. 

Assignment techni ques are based upon the premise that users of a transporta
tion network wi sh to optimize some measure(s) of their travel. Generally, 
t he characteristics of travel considered are travel t ime, distance, and 
cos~. Most appli cations of traffic ass ignment utilize one basic measure of 
travel and convert other measures to the basic measure -- if necessary. · 
For example, travel time on network segments 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 t ime measure. Since such conversion is 
at best an educated guess , there have been only a few applications of 
traffic assignment us ing travel cost as t he basic network segment impedance. 

Since min imum path assignment techni~ues are based upon t he determination of 
routes, efficient methods had to he developed. One can easily visualize the 
problem of manual route determina t ion if a four street by f our street 
regular grid pattern networ k is to be studied. To find the minimum time 
pa th from one corner of such a netv!ork to the di aqona lly opposite corner , 
fo r ty different paths mu st be tested. The problem becomes uneconomical to 
solve if all routes must be tested to find the minimum routes in a l arge 
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route 
al°g"ori thm 

tree 

2 

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

The breakthrough in computation which allowed traffic assignments to complete 
networ ks--rather than for testing a single proposed route--came from 1•1ork 
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 purposes, is referred 
to as the Moore algorithm. This algorithm does not require all possible 
routes between an origin and destination to ~e individually investigated 
to find the shortest route. Rather, a mini r,,u:n "tree" is developed by 
fanning out from the origin to all other access ible nodes in increasing 
order of their impedance su111Tiatior from the origin. A, tree is defined 
as the set 6f shortest routes fro~ an origin to all 6ther 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 st~p by step description. 

2 

3 

2 

4 
13----

© NODE {NO'S 0--@) 

®-----0 

FIGURE 11-1 

LINK 

LINK IMPEDANCE 
VALUE (i.e. 3 MINUTES 

ON LINK@-@) 

SAMPLE NETWORK TO ILLUSTRATE TREE-BUILDING PROCESS 

20 



Step 1. Determine the time 
to the nodes connected to 
node 1. The time to node 2 
isl and to node 5 the 

HOME NODE 

X = ELAPSED 
TIME FROM 
HOME NODE 

time is 2. 
@ 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 pennitted). The 
corresponding times are the time to node 
2 plus the outbound link 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 1ink 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). 

Ste~ 4. The time to node 6 via 1ink 5-6 
isess than the previous route via link 
2-6. Therefore, the link 2-6 is deleted 
from the tree. 

FIGURE 11-2 

THE TREE-BUILDING PROCESS 
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~tep 5. The node now closest t o the 
om node i s node 3 which is 4 mi nutes 

away. Addi ng the correspondi ng link 
time to nodes 4 and 7 the corresponding 
times are 10 and 6 mi nutes , respectively . 
By convention, the node wi th the lowest 
number of those equidistant from the 
home node i s taken first. 

St ep 6. The node closest to the home node 
1s now node 6, The times to nodes 7 
and 10 are 6 and 7 minutes respectively, 
Si nce node 7 was reached previously in 
6 minut es , there is no time savings via 
the route entering on link 6-7. For 
this reason the connection is shown in 
dashed lines and wi l l not be part of the 
tree as can be seen in step 7. 

~ - Buil di ng 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 indi cates 
that li nk 9- 10 will not be in t he final 
tree for t he same reason men tioned in 
step 6 above . 

Stdp 8. Buil di ng proceeds from node 7 t o 
o es 8 and 11. 

~ - Buil ding proceeds from node 13 . 

FIGURE 11 - 2 Conti nued 
THE TREE- BUILDING PROCESS 
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Step 10. Building proceeds from node 10. 
The time to node 11 is longer than a 
previous entry so that link 10-11 will 
not be in the tree. The time to node 14 
is the same as a previous entry so that 
link 10-14 will not be in the tree. 

Step 11. Tree building proceeds from 
node 11. 

Step 12. Tree building proceeds from 
node 8. Note 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 
from 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 t ime 
path between any two nodes, the links are 
followed backward from the destination 
node to the origin node. For example to 
go from node l to node 4, the route would be 
found by first looking at node 4 and 
proceeding to backnodes 8, 7, 3, 2, l. 

FIGURE 11-2 Continued 
THE TREE-BUILDING PROCESS 
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The Moore Algorithm described has been modified to allow turn prohi bitions 
to be included in the network as well as time penalties for turns to 
reflect conditi ons 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, hm11ever, sometimes result 
in unrealistic paths or, in the extreme, no path between tv10 points. The 
use of turn prohibitors results, on occas ion, in the need for using a node 
more than once in the tree building algorithm. This is specifically 
excluded in t he Moore algorithm as described above. This al gorithm builds 
paths which are sequences of links with a restriction that a node cannot 
be used more than once. A tree records the routinqs in such a manner that 
there is only one entrance link to a node and that- entrance link is on the 
minimum path to the node. 

A recent development in the route building al gorithm results in a "vine" 
as opposed to a tree. A vine records the routing such that all four links 
connected to a node may be traversed, if neces sary, to produce the minimum 
path, Whereas t he tree is calculated to each node, t he vine i s calculated 
to each of the legs from a node (which are numbered in some sequent1al 
manner). This process is shown in Figure II-3(a). Outbound links from 
a node are called legs and are identified by number (0-3 in the FHHA 
assignment system). This identifi cation of outbound links is used to 
facilitate the use of multip]e t urn penalties as well as turn prohibitors. 
In the following discussion i t is assumed that the tree bui ld ing process 
described previously is understood. 

Suppose the minimum path between centroid A and cent roid B i s desired 
and the left turn on link 107-104 is prohibited. Suppose further that the 
minimum path to node 104 i s 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 left turn at node 104 is prohibited, the only available path from 
A to Bis via nodes 107,104,108,103,102,101, and 105. (Firiure II-3(c)). 

urder the vine option the program will calculate the t raveltime to each 
leg at node 104. In proceedinq from centroi d A the vine buildinq 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 reali stic path than previously. 

A vine records t he routings in such a manner t ha t all four lin ks connected 
to a node may be traversed i f necessary to ensure the minimum path. A vine 
is more accurate than a tree, but requires al:>out twi ce as much computer 
time to determine. If many intersecti ons have prohibited turning movements, 
or large turning penalties associated with t hem, vines should probably be 
used. Otherwise, trees may be used. 

trees & 
vines 
confrasted 

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 algorithm (0-D); and 
the Transit Pathfinder algorithm. A short description v✓ ill 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, All links connected to the 
branching node are added to the tree and their terminal nodes become 
new terminal nodes of the t ree. It is possible that the first time 
found to a node from the origin of a tree is not the minimum time and wi ll 
have to be changed sometime later in the computation if a shorter path is 
found. For this reason, some iteration is involved in t he 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 
tree but not already on the tree. The links emanating from nodes added 

other 
iiifriTnium 
route to the tree are entered in a table and their terminal nodes become 

candidates for adding to the tree. The first time assigned to a node is 
defined as the min imum time from the ori gin and no other paths to that 

· ai)'pr'oaches 

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 min imum 
paths. All ori9in zones are considered in one operation. 

The Origin and Destination al gorithm is a special formulation of the RRL 
algorithm that computes minimum paths between specific oriGins and 
destinations (17). The algorithm computes from both origin and destination 
of the required path simultaneously, thereby creatinq t\vo paths v1hich 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 min imum paths . The details of this 
algorithm are discussed starting on ·page 47. 

The Moore , RRL, Shimbel, and 0-D algorithms have been pro9rarrrned in FORTRAN 
for the IBM 7090 and IBM 1620. This was done at MIT in order to test t he 
relative efficiencies of these algorithms (17). Six different networks were 
used for the test. Tree comparisions were made for the Moore, R~. 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 i n Table II-1. 
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Table II-1 

COMPUTER TIME COMPARISONS FOR MINIMUM PATH ALGORITl-fvlS (17) 

NETWORK 
TREE SINGLE PATH 

NODES LINKS COMPARISONS COMPARISONS 
Al~orithm Seconds Algorithm Seconds 

9 24 S 1mbe I 0.27 RRL 0.083 

14 38 Moore & RRL 0.33 RRL 0.076 

21 70 RRL 0.37 RRL 0.093 

35 98 RRL 0.46 RRL 0. l 04 

84 376 Moore 1.55 0 & D 0.242 

366 990 RRL 8.7 RRL 3. l 

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 lin ks , and the 
ratio of links 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 O and D which required almost three times the storage . Data 
storage space was almost identical for al l 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 O and D less 
convenient, and the Sh imbel 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 v1el1 as via a route not utilizing the proposed 
faci lity. The travel between each or ig in 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 arteri al 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 faci l ity, 
about 35% of the travel woul d 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 t he criteria for diversion to a proposed freeway 
route as shown in Fi gure II-6 (5). Each zone to zone movement t hat 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 fami ly of hyperbolas. 
With equal time and distance on the freeway and on the best alternate 
arterial route, 50 percent of the trips are assi9ned to the freeway. In 
Figure II-6, the curves are entered with time (t) and distance (d) saved, 
and where these values cross, the percent freeway use (p) i s obta ined. 

The Detroit area transportation study developed diversion curves relating 
the percentage of freeway use to speed and dis t ance ratios (19) . These 
curves are also 5-shaped for normal conditions. The curves represent a 
three dimensional surface with an undefined mathematical relations hip. 

As can be seen from the divers ion curves in Fi gures 11-5 and 11-6, there 
is a diversion to a new freeway route even when t he time and/or distance is 
longer than the best non-freeway route. Since mi nimum path algorithms 
produce, generally, the single best route, the application of diversion 
techniques was not easily accomplished by computer. The anproach taken was 
to try and "fool" the minimum route algorithm into producinq the two routes 
required for diversion. A complete description of this approach is discussed 
in an article by William L. Mertz in the July 1960 issue of Traffic 
Engineering magazine (20). To obta in the non-freeway routes·, the freeway 
links were eliminated from the network under consideration and trees bui lt 
to reflect the non-freeway minimum time paths. Next, trees ·,·,ere built with 
the freeways in place but with t :1e times to t raverse 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 II-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 t he 
diversion at a po in-i:-of-choice rather than between each origin and destir.ation. 
These points of choice beb,een an origin and destination are 1r1here a route 
diverges and converges betv:een a freeway and arterial path. Figure II-7 and 
the results in Table II-2 sh0w t !~e differences obtained using an all-or
nothing approach and a travel ti me diversion curve (see Figure II-5) between 
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an origin and destination or between points of choice. 

TABLE I I-2 

EXAMPLE OF TRAFFIC ASSIGNMENT DIVERSION 

LINK ALL-OR-NOTHING DIYfRSION DIVERSION BETWEEN 
0-D(Wl. l) P.C. (§_ =1 .2) 

5 

1-3 100 100 100 

3-4 100 100 100 

4-!:i l 00 74 85 

4-9 0 26 15 

5-7 l 00 74 85 

7-8 100 100 l 00 

8-11 l 00 100 l 00 

9-7 0 26 15 

11-2 l 00 100 l 00 

Figure II-7 shows the "best" arterial and the "best" free\11ay 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 bet~Jeen O and Dis 11 / 10 or l.l resulting 
in a 26 percent diversion to the free~1ay route sections (links 4-9 and 9-7) 
and 74% 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 assigned (links l-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 l 960's , especially before 
the use of restraint techniques (discussed in the next section) . Their 
a.dvantage w11:s 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 little applicatior, 
of diversion techniques in network assignment in today's practice, although 
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 develorxnent 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 ne1-1 technique, which determines 
and ass igns to alternate paths, is described beginning oro 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 us ed 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 publi shed as Special 
Report No. 87 by the Highway Research Board ( 16). 

There is a relationship between speed and volume on all types of highway 
facilities, both for interrupted and uninterrupted flow. On facilities such 
as freeways, there is a constant decrease in speed with increase in tra f fic 
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 situati on is similar at interrupted flow 
type facilities (i.e. signalized intersections). Here, however, speed is 
influenced by external infl uences such as signal progression, speed limits, and 
the cond itions on adjacent sections. Examples of the speed flow relationships 
for interrupted and uninterrupted flow are shown i n 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 assi gnment process results in the traffic load 
(volume) on each network segment. Since t here 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 assigned 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 process. Most important i s 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 
occur 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 \•1idely 
( FH\'IA) takes the form: 

where 
T = T0 [l+O. l5 (V/C) 4J (1) 

T = balance travel time (at which traffic (V) can travel 
on a highway segment). 

T0 = free flow travel time; observed travel time (at practical 
capacity) times 0.87 

V = assigned volume 

C = Capacity 
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Others include that developed by Smock (52 ). 

T =Te tV/C-l) where T < 5T 
A o A - o 

T0 = original travel time (when volume equals capacity) 

TA= adjusted travel time 

V = assigned volume 

C computed capacity 

e = base of napierian logarithm 

Schneider (52) developed a function as follows: 
(V /C-1-) 

TA= T0,2) where TA~ 4(T0) 

T
0 

= travel time at free flow conditions and TA, 

V & C same as above 

(2) 

(3) 

The functions produced by the three a~proaches are shown in Fi gure 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 link volumes 
ranging from zero for the first sequential zone to loaded for the last 
sequential zone. This is different from iterative techniques. The 
differences i n these applicational approaches are described below: 

Iterative techniques consist of a successive number of route 
selections, loadings, and speed adjustments to obtain a balanced (speed, 
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 FHWA 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 loadings 

The application of capacity restraint actually functions in a manner similar 
to a diversion type of assignment. Since network segment speeds are chan~ed 
during each capacity restraint application, trips between any pair of origins 
and destinations may be loaded on different paths between successive 
assignments. Si nee the results of each "n" number of assignments a re weighted 
to obtain the final load, there is a diversion of 0-0 movements between 
different paths f rom each assignment. Because of these successive changes 
in speeds, careful consideration should be gi ven to their effect on other 
models (see discussion beginning on page 93 ) . 
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Incremental Assignments are of two general types: (1) m1n1mum 
routes beb1een each pair of origins and destinations are calculated once 
and trips loaded once, and, (2) several route bu il ding steps and loadin~s 
must occur during the capacity restraint application. 

The first listed capacity restraint technique was developed by the Chicago 
Area Transportation Study. In th is process trees are buil t 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 loading, developed by Control Data Corporation 
(21) 1 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 loaded with the first increment of all zone-to-zone 
movements passing through it. This increment is some percent of total tri ps 
(say 20%). Each network segment is then adjusted based on a capacity 
restraint function (with the increment loaded on each segment factored to 
100% for the calculation). A new increment of total trips is then assi gned 
(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. Th i s continues until 100% of all trips are loaded. 

Most appli cations 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 i s currently underway to develop and test the use of capacity restraint 
functions for different types of facilit i es 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 Mul tipath Traffic Assi gnment Model Which Obviates Path 
Enumeration" (12). A working cOtT1puter program of the approach is available 
in the FHWA trans porta tion planning package for S360 (15). As of this date, 
no full scale appl ication allows compar ison 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/link transition 
probabilities are calculated in one (forward) examination of the network 
and trips are assigned in a second (backward) examination. The assignment 
consists of diverting trips entering a node to all reasonable links 
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. 

- All reasonable paths of equal len~th 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 links 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 progresses from node 
to node, gets further from the origin. A path is efficient if every link in 

multi-path 
assignment 

it has its initial node closer to the orig in than its final node, Figure II-10 
is an example of all reasonable paths from a common origin node l (referred to 
as a "bush"). The time to the left of the node number in circles is the 
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FIGURE 11-10 

EXAMPLE OF ALL REASONABLE PATHS FROM A COMMON ORIGIN(12) 
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m1n1mum time path from node l. The lin k 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 assi gns all trips originatinq 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 link determinations to be made in calculating the 
volume using a link. These are: 

Link Likelihood of Use= a[e] = e8At 

Where: [e] = link [i, j] 

e = base of napierian logarithms 

e = diversion parameter 

41t = difference between minimum time path 

(4) 

time to the node and the time via another 
reasonable path 

t = M .-M -M 
J i t 

1t1here: M j = minimum time to node j 
M; = minimum time to node i 
Mt= time to traverse linkiMj 

If 4t = o, then the l ink i-j is on the minimum 
time path. 1f Mi is greater thanMj, then 
link i-j is not on a reasonable path and has 
a zero likelihood of use. 

(note: a[e] = 0 if link not on a reasonable path) 

Link Height= W [e] = a [e] · 2W [e ' ] (5) 

e ' considers the link end closest to the orig in and 
the lin ks connected at that end 

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

(note: if at the origin node wleJ = a [e] , then: 

Trip Volume x [e] = y [j] · W [eJ/l•![e']) (6) 

[e'] considers the link end closest to the destination 
and the links connected to that end 

y [j] = number of trips terminating at j 
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This equati on is applied after equati on (5) is applied to all l inks in 
arriving at the destination. Equation (6) is then applied until the 
origin is reached. In other words , two passes are made . In the f i rst , 
link weights are calculated from an origin to all destinati ons . Then, 
volumes are assigned backwards from t he destinations until the orio,in 
node is reached . 

An example will best indi cate t he process for a probabilistic assignment. 
Figure II-ll(A) shows the network under consideration in this example. 
Figures II -11 (8) and (C) illustrate ho~! trees could vary. The differences 
are caused by beinq ab le to reach nodes in equal time by more than one 
route. 
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FIGURE 11-ll(A) 
EXAMPLE NETWORK TO ILLUSTRATE THE PROBABILISTIC ASSIGNMENT PROCESS(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 Figur~ "B". For example. 
another set of paths to the nodes of the network above might be as follows: 
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·r4 
- 5 - 6 -, ,.. ,.. 

, I, ', ' I' 

6 7 8 

FIGURE 11-ll(C) 

ALTERNATE MINIMUM TIME PATHS 

6 

8 

7 

1 , 

9 

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

0 2 

(2 
4 

6 7 8 

X = REASONABLE ROUTE TIME 

( X) = MINIMUM ROUTE TIME 

(4 ~-----~---------~ (5) (6) (7)1 

I 
I 
I 
I 10 
(9) 

FIGURE 11-11(0) 
REASONABLE TIME PATH(12) 
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4 6 
)-.-~~ >---•-{-4 

X = MINIMUM TIME TO EACH 
NODE 

0 = NODE NUMBER 

-- BUSH FROM NODE 1 · 16 

FIGURE 11-ll(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 FiCJure "B", it 
can be seen that the criterion for "reasonab 1 e" paths has been observed 
(i.e., as the path progresses from the origin, the minimum time to a node 
increases). Also, note that al l links on reasonable paths have their 
entrance node closer t o the origin than their final node. 

The equations presented above will now be applied to the network to 
obtain t raffic loads. The results obtained are shown in Table II-3. 
The exponent Q is assumed equal to 1. For any node arrived at v1 here the 
entry l ink is on a minimum time path (.ti.t = 0), the likelihood of use of 
the link 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 Peth and the time on the path in question). 
For these lin ks, a [e] is equal toe . As bush buildinq proceeds all 
a[e] 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: 

4 t=(5-4-1 )=O 

Hence the likelihood of use for link 9, 10 is 

a[9, 10]=e9 4 t=e1 (O)=l 

The same calculations for l ink 6, 10: 

and 

b.t=(5-4-2)=- l 

a[6,10]=el(-l)=e-1=1/e=0.37 
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Link (e) 

i node j 

1 
l 
2 
2 
5 
5 
3 
3 
6 
6 
9 
9 
10 
10 
4 
7 
13 
11 
11 
12 
12 
14 
15 

TABLE I I-3 

Example of Probabilistic Assignment Results 

(Trips from l-16=1000) 
(REFER TO FIGURE II- llA) 

UNRESTRAINED 
On Likelihood Link Link 
Minimum of Use i~ei ght Volume All or 
Time Nothing 

node Path Llt a [e] w [e] X [e] Volume 

2 0 l l 208 0 
5 X 0 l l 792 1000 
3 0 l l 0 0 
6 0 l 1 208 0 
6 0 l l 209 0 
9 X 0 l l 583 1000 
4 0 1 l 0 0 
7 0 l l 0 0 
7 0 l 2 0 0 
10 -1 0.37 0.74 417 0 
10 X 0 l l 564 l 000 
13 0 l l 19 0 
11 X 0 1 l. 74 892 1000 
14 0 1 l. 74 89 0 
8 0 l l 0 0 
8 0 l 3 0 0 
14 -1 0.37 0.37 19 0 
12 X 0 l 1.74 652 1000 
15 0 l l. 74 240 0 
8 -1 0.37 0.64 0 0 
16 X 0 l l. 74 652 1000 
15 -1 0.37 . 78 108 0 
16 -1 0.37 .93 348 0 
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To obtain the link weights wTe], the link likelihood 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: 

to obtain the link weiaht for link 
6-10, the link li kelihood value is 
multiplied by the sum of the lin k 
weiqhts of link 5-6 and 2-6. The 
likelihood value is 0.37. The 
weight is 0.37(1+1)=.74 

This process i s 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): 

link 15-16 = lO00x · 93 = 348 
l .74 + .93 

link 12-16 = l000x l.74 = 652 
1.74+.93 

Now the load leaving node 15 is known so that the link volumes on 11-15 
and 14-15 can be calculated. This continues bac k 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 l i nks loaded 
than with an all-or-nothing conventional assiqnment. However, if capacity 
restraint were used and loads weighted for a number of iterations, there 
would probably be additional links loaded indicating a "diversion" between 
links. For STOCH • the diversion between paths can be controlled by the user 
by varying the Q values. Figure II-12 shows the effects of variations in Q. 
The lower the value, the greater the probability of usin~ the gi ven path. 

The assignment technique described above is one of the more promising 
approaches in multipath assignmen ts. 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 
ST0CH 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 iterati vely in 
an incremental loading mode. 

45 



.r. .... 
"' Q. 

C: 
QI 
> 

C> 
t>j) 

C: 

"' 
.i::-- => 
0\ -0 

>,. .... 
..c 

"' ..c 
0 

it 

8 = 00 

0 
0 

9=0 

Note: The scale of the vertical axis depends on the number and length of 

competing efficient paths 

2 3 

fl t=(Length of Shortest Path)·(Length of Given Path) 

FIGURE 11-12 

4 

DIVERSION FUNCTION 8 FOR PROBABILISTIC ASSIGNMENT (12) 

5 



TRANSIT NETl10RK ASSIGNMENT 

Special Considerations 

Traffic assignment computer systems developed basically for highway 
networks have been applied to trans it system assignments. 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 transi t system operating 
on a single link 

- rleed to handle special characteristi cs 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 
known as 
consists 

comprehensive Public Transportation Planning Sys tem has been developed, 
the UMTA Transportation Planning System (UTPS) (7). This system 
of a battery of programs that can be grouped into three cateqor ies: 
- Network Analys i s 
- Modal split model development and application 
- Passenger loading 

transit 
ass, gnr.ient 

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 links. In addition to time and distance on a link, other descriptors 
utilized in the process i nclude: maximum and minimum headways, auto 
connectors and walk links, several transit modes, and many transit lines for 
each ~ode. Output from the system i ncludes : (l) volumes on walk and auto 
connector links; (2) a summary of mode-to-mode transfers; (3) total tri ps 
assigned; (4) loads by line 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 assignment packa9es. Generally, 
the network coding procedures for the UTPS package are not too different than 
for the highway oriented packages . The differences are: 

- Eacl1 transit line can be identified separately throughout the 
coding and trans it analysis. 

- More than one l i nk is allowable between two nodes. Five of 
the links 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 t ransit company number, a mode category , a 
set of headways, and a sequence of nodes of transfer poin ts 
through which the line passes. 
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transit 
pathfinder 
program 

An example of the mode categories that may be considered (these may be 
varied within the limit of eight modes) by the transit assignment are: 

Non transit categories 
~/a lk to transit 
Auto connector 
Other non transit 

Transit categories 
Surface transit 
Express surface transit 
Other surface transit 
Rapid trans it 
Comnuter railroad 

In addition to the major features of the UTPS package relative t o transit 
assignment, there are major advantages in the minimum route algorith~. 
Analysis of the deficiencies and economics of a proposed transit system 
require knowledge of the path of passengers t ravel 1 ing between any two 
points of the system. This path is best approx imated by the minimum we·ighted 
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 
wal king, waiting, or riding by va r ious modes. Transit system analysis has 
been severely handicapped by the l ack 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 pa rameters as waiting time and 
transfer time. 

The important characteristics of the pathfinder program for ca lcu l ating the 
minimum route paths in the transit network are: 

- The transit network is input as two items (a) lin k description 
similar to existing transportation neb1orks, and (b) a l i ne 
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 representing all 
routes traversing the lin k in the given tine via the ~iven mode. 
The trun kline description reduces comrutation 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 frequenc ies of 
operation . · 

- Restraints can be placed on the minimum paths suc h that specific 
mode-mode transfers are prohibited, maximum number of transfers 
is limited, and maximum and minimum wait and transfer time are 
a 11 owed. 

The basic assumptions of the algorithm are: 
the time to traverse a trun k line is constant 

- the time spent waiting to transfer is satisfactorily approximated 
by one-half the inverse of the frequency of the reci pi ent 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. ~/here 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 handlinq during codinq. The 
major difference is that individual links are not completely independent 
in a transit network. A bus line or rail route, composed of many l inks , 
actually has certain special properties . One of these properties is that 
a passenger tends to rema in on a single transit facility for as long as 
possible (to reduce the number of transfers) whereas an auto driver is free 
to weave through a system of links 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 transf er points. It 
is necessary when dealing with transit networks to account for the penalties 
incurred by transfers and also to limit 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 line 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 greater than half the headway. Per-mi le type 
fares are prorated over the individual lin ks on a transit line to restrict 
transfers. It i s necessary to code transfer links that account for time lost 
transferring, extra fare costs, waiting time, and general passen9er 
inconvenience. 

There are several problems inherent in the above approach: 
The number of extra links required quick ly becomes large, meaning 
additional costs for computer time and subsequent analysis. 

- Calibrating the network can be quite difficult 
- The network can not be easi ly adjusted to account for several. 

trans i t lines that utilize common network links . 
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direct 
assignment 

DIRECT TRAFFIC ESTIMATION 

Direct Assignment Fonnulas 

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 alternat i ve systems and development of volumes 
useful for stage planning and design, the computer traffic assi gnment 
approach is applicable. However, there is another level 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 plannin9) 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, whi le with the Chicago Area Transportation Study , developed 
a short-cut method which coul d 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: l ) 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: 

where 

v1 = er/2[(1/Z1 )+(1/ r)-•{Z2/r(Z1-Z3))] 

V2 Z2V1/r 

v3 = v2z3/(Z1-z3) 

e = Trip dest ination density (trip destinations/ sq. mile) 

r = Average trip length 

V1 = Volume on expressways 

v2 = Volume on arterial streets 

v3 = Volume on local streets 

z, = Expressway spacing (miles) 

Z2 = Arterial spacing (miles) 

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

assume an area with: 

e = trip destination density= 10,000 

r = average trip length= 6 miles 

z1= expressway spacing= 5 miles 

z2= arterial spacing= l mile 

z3= local street spacing= 0.5 miles 

then: 

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

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

v
2
= 1/6 (74310) = 12385 veh/day 

v3= (0,5/5-0.5)(12385) = 1376 veh/day 

The reader, if interested in the above approach to "getting a handle on 
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 art icle. The basic assumption is that the 
region for which trip estimates are made is very large, square, and has a 
constant trip density per square mile. In obtaining spacings, the user is 
remi nded that average spacing for such a condition can be calculated from 
the formula: 

Z = 2A/ j._ (l O) 

where: Z = spacing 

A = area of region 

i = length of facilities in region in miles/square mile. 

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. 

direct 
assignment 

·example 

The Upstate New York Transportation Study has developed a set of tables for 
various combinations of spacing and trip length using the Schneider equations 
(23). In addi tion, calculated travel costs per square mile based upon 
spacings, volumes, and vehicle operating costs, time costs, and accident costs 
are included. One such table is reproduced as Table II-4 and contains the 
combination of spacing and trip length used in the example presented above. 
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TABLE II-4 

VOLUME AND COST lvHEN TRIP LENGTH = 6 MILES; DENSITY : 1.000 TRIPS DESTIN/\TIONS/SQU/l.RE MILES 

LOCAL STREET SP~CTINr,: 0,5 MILES 

(23) 

ARTERIAL SPACING FYD~ESSWA' SPAC ,c. N Ml <S 
IN MILES I 2 3 " 5 6 7 • 9 10 

0,2 EXPII . 
ART, 

LOCAL 
COST 

0.4 EXPR. 
All T. 

LOCAL 
. cosr 

0,6 EXPR , 2,195 4,091 ,,,56 6,738 7,714 lo5H 9,233 9,836 10,161 10,823 
All I. 220 lo09 556 6H 771 853 923 984 I ,036 1,082 

LOC AL 220 136 111 96 86 78 71 66 61 57 
COST , 460 458 HO 't8 I lo90 't99 506 512 518 523 

o.a EXPR. 2,093 3,911 5,422 6,597 7,570 8,390 9,090 9,695 10,221 10,680 
ART, 279 529 72 3 880 1,009 I ,119 1,212 1,293 1,363 1,lo B 

LOCAL 279 1 76 lH 126 112 102 93 86 80 75 
COST 411 469 4 79 488 "97 504 5 I I 517 522 521 -

1,0 EXPK, 2,000 3,857 5, 29't 6,'t62 7, lo-31 8,250 8,951 9,558 10,088 10,556 
Alo\ T • )33 6"3 882 1 ,on l, 2 39 I, 375 ,,,.92 1,593 1,681 1,759 

LOC AL 333 2 14 176 IH 138 125 115 106 99 93 
COST · 4u 480 487 495 503 510 516 521 52b 530 

-- -
I, 2 f XPR. 3,750 5,172 6, l32 7, 297 8,115 8,8 16 9,4H 9,957 10, 427 

ART , 750 1,0H 1,266 1,459 1,623 ,. 163 lo885 1,991 2,0 85 
LOC AL' 250 207 181 162 l',8 136 126 I I 7 11 0 

COST lo90 lo95 502 509 515 521 526 530 5H -- -, ... EXPR, lo61o9 5,056 6,20 7 7,1 68 1,9H 81685 9,29't 9,829 10, JOI 
ART. 851 I ,160 1,H8 I 06 73 1,863 2,027 z, 169 2, 29) 2,4 0 't 

LOCAL 281o 236 207 186 169 156 I', 5 135 127 
COST 499 503 509 515 521 526 530 5H 538 

-- -, .. EXPR . 3,553 lo, 9io 5 b,00 7 7,04) 7,857 a;558 9,168 9,7 04 10, 119 
AR f • 9H 1,319 1,623 1,878 2,095 2,282 Z,lo45 2,588 2,71 4 

LOCAL 316 264 232 209 190 176 16) 152 14 J 
COST 5011 510 515 521 526 530 5H 538 541 -- --

2,0 f XPII • 3,375 4,737 5,860 6,807 7, 6 15 a,31 5 a,926 9, "6" 9,9"2 
AK I, 1,125 1,579 1,953 2,269 2,538 2,772 2,975 3,1 55 3,314 

LOCAL 315 316 279 2 5 2 Bl 21) l98 186 17" 
COST 525 524 52 7 531 535 539 5U H6 5 48 - -

2,5 fXPR. lo,500 5,600 6,532 7,333 8,029 8,640 9, I 00 9 ,661 
ART, 1,875 2,333 Z, 722 3,056 3,H6 l,600 3,825 4 ,025 

l OCA L 315 333 302 278 251 2't0 225 212 
COST 5 ... 0 541 5,.,, 5H , ... 9 552 5H 5 57 -

l,O EXPR. 4,286 5,362 6,279 7,071 7,763 8,372 8 ,913 9,396 
ARI. 2o1"3 Z,68 l l,1,,0 3, 536 ), 882 4,1 86 lo,,, 56 4, 698 

LOCAL 429 383 3"9 321 299 279 262 2"7 
COST 554 551o 555 557 559 561 '6] 5h 

- -
l,S EXPR. 5, 1 ... 3 6, 0 lo5 6,8 28 7 ,514 8,120 8,660 9,IH 

ART, 1,000 l,526 3,98 3 4,383 4,131 5,052 s, B,. 
LOCAL U9 )92 362 337 316 297 281 

COST 566 566 567 568 569 511 512 --
4,0 EXPII, 4 ,94 I 5,827 6,600 7,280 1,883 8,422 8,?06 

AR I, l 029" l, 8a5 .. , .. oo .. ,853 ,,255 ,,615 t,93'/ 
LOCAL loll .. 32 400 373 350 330 ll2 
con ,u ,r. 11, ,n sn '71 579 
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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 
detennining freeway spacing such that the average daily traffic wi l l be 
no greater than 90,000, If the trip dens i ty is 10,000 trip destinations/ 
square mile, all volume estimates would be multiplied by 10 (table based 
upon a density of l ,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 Equation (10): Z = 2AN ). 

~he above technique is not offered as a replacement for computer traffic 
assignments to a detai1ed 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 
pevelopment of alternative systems and in the pre-evaluation of alternative 
density patterns. 

Some recent work accompl i shed 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 11-5. The Schneider fonnulation tends to over-estimat€ 

TABLE 11-5 

COM PAR I SON OF VMT ON FREEWAY EST IMA TES 

SCHNEI DER VS SCHNEIDER-SCOTT METHOD (24) 

SCHNEIDER 

use of 
direct 
assignment 

aid to 
system 
development 

TEST AREA ACTUAL DATA 

Buffalo 16 .4 

METHOD 

27.l 

SCHNEIDER-SCOTT METHOD 

19.3 

Chicago 

Pittsburgh 

Louisville 

Hartford 

Bridgeport 

Tucson 

l O. l 

8.6 

32.2 

13. 6 

41. 6 

16. 6 

13.3 

11. 3 

39.6 

27.9 

41.IJ 

14.0 

11.4 

9.2 

32.l 

26.5 

38.6 

13.6 

expressway use whereas the improved approach more closely matches actual 
conditions. Table 11-6 presents the new model's calculations for various 
combinations of ramp spacing, trip length, and facility spacing. 
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Table 11-6 
TP IP LE'lGTH = 7 

SCHNEIDER - SCOTT TABLES (241 

f.'IS i"l'J rwv = 50 

RA"P SP ACING= 2.0 DENS ITY= 15000 . 
i FVMT = 45,2 VE =Ul~lO, VA = 24 760 . VL = 056, SE = 8 . 3 SA l . 0 

~ CMS 0 N FWY= 60 

RI\MP SPACING= 1. 0 IJENS I TV = 5000. 
'i: FVMT = 56 , 9 VE = 37209 . VA = 650 l . VL = 2 19, SE 54 , 5 SA = 30 . 5 

DENSITY = LOOOO, 
·g FV"T = 51J . 5 VE = 738 59 . VA= L30'l 5 . VL = 43 7. SE= 47,6 SA= 29 .7 

DENS IT Y z L50 00 . 
l: F VM T = <; 7. 2 VE =112457 , VA = 19363 , VL = !>56, SE= 30 , 6 SA= 15 , l 

R<\ MP SPACING= l, 5 DENSITY = 5000. 
,: FVMT = 54.3 VE = 35201. VA= 6838. VL = 219, SE = 54 , 9 SA: 30.4 

IJENS ITV = 10000. 
l F VM T = 5 3. R VE = 697 26 , VA= l 37118 , VL = 437 , SE = 48 . 5 SA 29,6 

OENS I TY = 15000 . 
'I: F VM T = 5 5, 8 VE =1 09228 , VA = l 990 4. VL = 65 6 , S~= 35 . I SA= 11, 5 

RAMP SPACING= 2.0 DENSITY= 5000 . 
'I; F VM T = 51 . 9 VE = 333'34, VA = 714 2 , VL = 2 19, SE = 55 , 2 SA= 30 . 4 

DENSI TY = 100 00 . 
'C F V.,T = 5 1, 4 VE = 66095 , VA = 14 39 8. VL = 437 . SE= 49 . 3 SA= 29 , 5 

c.n DENSITY= 15000 , +:> 
'I: FVMT = 54 , 6 VE =106302 , VA= 20 395 , VL = 656 , SE = 37 , 0 SA= 8 , l 

% c -, 5 !lN FWY = 70 

RAMP SP ACI NG = 1. 0 DENSITY= 5000 . 
'I; F VM T = 6 7 . 3 VE = 282 33 , Vil. .= 4 91 7. VL = 2 19 , SE= 56 . 0 SA= 30 . 6 

OENSI TY = 10000 . 
'I: FVMT = 67, 1 VE = 56278 , VA= 9878 . VL = 437 , SE = 5 1 , 2 SA= 30 . l 

DENSITY= 15000. 
'I: FVMT = 66,7 VE = 8H68 . VA= 14972. VL = 656 , SE= 45,2 SA= 29, 5 

KAMP $PAC I NG = l , 5 DEN SITY= 5000. 
% FVMT = f>4,9 VE = 26966 , VA = 52 19. VL = 2 19 . SE = 5n , 2 SA= 30 , 6 

DtNS IT Y = 10000 . 
:,: F VM T = 64, 7 VE = 53635 , VA = 10509, VL = 437 , SE= 51 , 7 SA= 30.0 

DENSI TY= 15000 . 
:I: FVMT = f,4,2 VE= 797 8 1. VA = 15 '; 2 4. VL = 656 , SE= 46 , 2 SA= 29,4 

RAMP SPACING = 2,0 DENS I TY = 5000. 
t FVMT = 62 ,7 VE = 25808. VA. = 5496. VL = £19 . SE = 56 . 3 SA z 30 , 6 

DE NSITY = 10000 . 
'C FVMT = 62 , 5 VE = 51H6 . VA = 11058 , VL = 437 , SE = 52 , l SA = 2 9 . 9 

Dl:NS !TY = 15000. 
1 FVMT = 62 , 0 VE= 76295 , VA= 1675 6 , VL = 656 , SE= 47 . 0 SA = 29 . 3 

I HC OO? I STnP n 



The portion of the table shown is for a trip length of 7 miles. "% CMS 
on F~vy" is the percentage of capacity miles of the arterial system that is 
on freeways. "% FVMT" is the perc~ntage of freeway vehicle mil es 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 DTEM 
most significant differences from the more traditional assignment techniques 
described are: 

- A trip end density surface is the travel input rather than 
and origin-dest i nation trip matrix. 

- Trip distribution and assignment are handled as a single process. 
- Traffic estimates can be made for a single link, for a group 

of links, or for an entire network. The traffic estimate is 
made on a link by link basis with each link's volume estimate 
being an independent assessment based upon the geometry and 
spacing of the network and the array of tr i p 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 t he 
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 =(Accessibilit,0 X (Balance)· X /competitive) 
\_ Index 1/ 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 
of close-by characteristics on the volume of a faci li ty. Referring to 
Figure II-13, a tree (minimum path routes) built from the point in questi on 
results in two branches, one passing through the north end of the link for 
which volume is to be estimated, and one passin9. 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 "Ba lance 
Factor". The above two terms (Accessibility Index and Balance Factor) 
assume that the link in question is the only link crossinq the "domain" 
boundary (see Figure II-13) line. To account for other links, the competitive 
factor is introduced. 

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

where 

I = f(Cn+Ca) • TE 

f(Cn+Ca) = a function of total cost between the traffic 
estimation point and the grid for which I is 
being calculated. 

Cn = cost of travel on coded network 

( 1 2) 

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 min i mum 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 I I-1 3 shows the 
tree built for a point in the networK . The tree has two main branches. All 
grids associated with the upper branch are considered to be i n the "North 
Main Domain" and those below in the "South Main Domain ". If I values were 
summed by domain 1~e would obtain an In and Is . If, as is shown in Figure II-13, 
the link in question were the only one crossing the ma in domain boundary, the 

* Work is currently being done und er contract to investigate the appl icab ili ty 
of the DTEM to an arbitrary (traditional zones) geo~raphic analysis unit 
system rather than a uniform grid system , and to smaller urbanized areas. 
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the volume on the link would be expressed as: 

Volume= Q = 2 In Is/(In+Is) 

Q = (In+Is)[z/ In \ ( Is \ ] 
\7ii+TsJ r In+ Is j 

(13) 

( 14) 

1-1here (In+Is) is equal to the accessibility index described above. 

The right hand part of the above equation, 
2Tul__l _fu___l 

\_In+ Is) \Jn+ Is ) ' 
is the "Balance Factor" ind icat ing the effect of the main domain in tegrals 
on the link volume. If In and Is are equal, the ba lance factor is equal to 
0.5. This becomes smaller as the difference i n In and Is becomes l arger. 
If the link 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 (li nks on the main doma i n 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". Thi s is illustrated by Figure I I-14 which shov,s 
that node A lies within a prime domain while node B does not. 

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

competitive factor= l x (I'n + I's) 
2 TTn Ts) 

( 16) 

Putting this all together, we obtain t he DTEM formulation. 

or 

Q a l(~n __ .. _
1~~t (in 

1
Z_ Is) ~ In \) ~ (:~ n ~ :j/l7) 

~ ' y 
Volume= (Accessibility Index ) x (Balance Factor) x (Competitive Factor), 

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 Techn ical Reports 
of the Tri-State Transportation Corrmission (25) . Figure II-15 presents a 
test network showing 16 grids, t he main domain boundary and the prime. doma jn 
boundar ies. F<?r the cost function. a Bessel function of the form a(K-\- (KC+a/K) .d.K 

is used. This was decided upon as best by Tri-State although other·tunctions 
:nay be used. Shown for the test network are the trip ends for each grid, as 
well as the cost f rom the link in question to each grid via the 
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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: 

In = 11250 

Is = 9550 

I'n = 8650 

I's = 2900 

Accessibility Index= 2 I's =In+ Is= 20,800 

Balance Factor = (2 · In/(In+Is) I $f(In+Is) 

= 2 

Competitive factor 

11250/20800 9550/20800 = .497 

= l/2() 'n/In+I's/Is) = 1/2 ( 8650 
11250 

Volume= (Accessibility) x 
( Index ) 

(Balance) x 
(Factor) 

(Competitive) 
( Factor ) 

= 20800 X .497 X .536 = 5540 

+ 2900 
9550 

= • 536 

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 l evels of facility were coded by 
Tri-State. The Level l system includes all limited access roads. Level 2 
highways include other important routes and, as a minimum, bisect the spacing 
beb,eert Level l 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 l, 

DTEM 
exaiiipl e 

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 min imum 
cell sizes coded are used. As the calculation proceeds to more distant cells, 
less network detail and larger trip end cells are used. 
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In its current fonn, use of the DTH1 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 links 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 pennitted acceptable assignments to facilities below the arterial 
level. Likewise, one could not reflect the congestiun problems which occur 
during rather short periods of t ime. 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 tllan 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 facil i ty 
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 maj or 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 limited to the detail of network and 
fineness of zones which can be computer stored. On a regionwide basis, 
detailed zoning and complete network examination cannot be accomplished. 
However, the same technique can be applied to a small portion of a region 
in which all highway sections are included and zones corrmensurate with 
the network detail can be handled. Zones may be as small as a block or 
even a block face. 

traditional 
techniGues 
for SU -

regions 

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 level 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. ~hen considering future conditions, or where small 
zone 0-D data are not available, the problems increase. In most current 
transportation studies the approach has been to develop regionwide transporta
tion systems and corresponding analysis zones. The problem then becomes 
t he development of a detailed network and t ~. e correspond i ng 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 below. 

2 approaches 
Isolate the detailed study area and consider the boundary of t he area a ne~1 
cordon area. Where links on the region-wide system cross the boundary, these 
become external stations. Trips into and through the area would be handled 
from these ex terna 1 stations as is done on the region cordon. The t rips 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 tri p distribution 
model. The network for the detail ed area would be i solated from t he region 
and updated to include the detailed street system. Programs for accomplishi ng 
this are available in some traffic assignment batteries. The reader is 
referred to the document "Urban Transportation -- General Information" (14) 
which describes the pr0grams in the FH~JA system of assignment programs to 
accompl ish the above. 

zone 
Another, but similar, approacr. eliminates any boundary conditions near the ac!Justment 
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 regi onwide network, portions of the regionwide 
network would be eliminated outside the detailed area. Figure II-17 illustrates 
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the approach. Again, application of this approach is possible with available 
traffic assignment pac kages. 

The adaption of regionwide assignment techniques is most applicable where 
daily or perhaps even hourly assignment results are required and where the 
smaller t ime increment congest i on possibilities are not of consideration. 
The effects of traf fic control features and/or system improvements cannot 
be directly considered but must be si mulated in speed changes or capacity 
measures. 

Micro Assignment 

Micro assignment is a recently developed procedure for s imulating detailed 
vehicular movements i n small areas (10). The model has the ab i lity, unlike 
regi onwi de assignment approaches, of assign ing t o 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 
l imi ted only by the practitioner's ability to obtain tr ips by short time 
periods. Most 0-D surveys have time reported to the nearest one-tenth of 
an hour (si x-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 lights) as well as the stop time due 
to the stop control. In addition to these types of delays, the assi gnment 
includes time in queues waiting for a green light or suitable gaps in cross 
traffic, reaction time, and conflict losses due to traffic in lanes, 
intersection space, and green time being shared with vehicles makinq 
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 progressive 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, progress ion) . 
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To take full advantage of micro-as signment capaci li ties, 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 l evel. 

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 ass,gnment 
characteristics coded, computes the congestion delay for each movement procedure 
through the intersection. The network is then updated by adding the result ing 
congestion delay to the previ ous link times. Tree(s) are next built to l oad 
trips from another set of z0nes(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 si mulator approac h 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 ta ble providing for 
each link a complete description of the input link characteristics plus 
selected items computed during the ass i gnment inc luding: 

Computed delay 
Vehicle arrival rate and volume 
Operating speed and cost 
Vehicle miles of travel 
V~hic l e 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 Von Automatic Plotting). 

The micro area network must be specially coded and does not conform to the 
coding specification for any region-wide type of assiqnment programs . 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 si gnificant-thereby 
limiting use to testing of current street systems and current 0-0 movements. 

Some of the add iti onal 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 links. This will of course have 
implications for the other links of the approach leg, the intersection , 
and the rdutes of vehicles. 

Transit Vehicle Stops. Transit vehicle stops which use a lane of highway 
(typical ly buses and streetcars) reduce the capacity of that lane due to 
stopped time to board and discharge passengers. This effect has been 
incorporated 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 
v_olumes 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 ta bles are not 
assigned, but rather vehicles are entered at loading points and move 
through the network based upon turn probabilities at each i ntersection. 
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 growth 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 links 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 
consi dered useful for testing and evaluating traffic control techn i ques . 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 
and account for the position and action of individual vehicles. Macroscopic 
models are more limited in the detail considered and handle vehicles in 
groups rather than as individual entities. On th i s basis, micro-assignment 
may be considered a macroscopic model . 

. l\n excellent example of the intersection model is one developed by James H. 
Kell (26). This model handles tl-10 two-lane, two-way streets. Veh icles 
are generated randomly by Monte Carlo techniques. Traffi c 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 an arterial street simulation model (27). 
It was developed to simulate a nine-block section of 13th Street, N. W. 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 liqhts, 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 interestinq feature of the model is an 
output which presents traffic flow in a map-like manner -and can be photographed 
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for a movie representation of flow. · 

A rather interesting s imulation model of the network variety was developed 
by A. M. Blum (28) . This simulator handles up to 37 intersections and follows 
individual vehi cles, 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 sys tem (which may be useful for simulating bus movements). 

The three types of input t o the system are: 

- The geometry of the system 
- V.ehicle 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: 

- Networ k display 
- Detailed tabular listings 
- Histograms 

These outputs ~ay be requested for the entire system being simulated and/or 
for individual intersections within the system. Figure 11-18 presents an 
example of the network display, which is analagous to a photograph of the 
network at some instant during the simulation. The detailed listings and 
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histograms provide information as follows: 
- Queue delay times for specific lanes 
- Queue lengths for specific lanes 
- Cummulative queue delay times for all lanes 
- Cummulative queue lengths for all lanes 
- Cummulative travel times for all vehicles 
- Average speeds for all vehicles 
- Speed of platoons 
- Average time siqnals are red and green 
- Average occupancy of each lane 
- 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 large 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 11 TRANS 11* 
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 link to another (interlink movements) 
- Vehicles are advanced within each li .1k (intra-link movements). 
- Traffic signal states are updated. 

Input to the simulation model includes a description of the system geometry 
(link 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 link. 

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

* Not to be confused with the TRANS (Transportation Resource Allocation 
Study) work conducted by the FHWA. 

71 



summary 

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 link due to parking 

· characteristics 
Pedestrians (effect on turns only) 

The signal system states that may be considered by the ~odel 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 through the network creating an initial 
network population. "Observe time" begins after initializations are made 
at the end of fill time. 

Testing of the TRANS model, devel oped 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 prohibiti ons, street widening, channelizations, special signal phasing, 
special pedestrian treatment, and special traffic patterns. These types of 
tests 1~ould 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 
t han real time. 

Various methods have been discussed which can generally be referred to as 
traffic assignment techniques, The difference in rnethods vary more in the uses 
to which they are applied t han in approaches to a single application. For 
example, traditional highway assignment techniques are most useful for regionwide 
assi gnment 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 de:.cription of techni ques 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. 
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CHAPTER III 
DEVELOPMENT OF ASSIGnMENT CJ\.Pf,BILITIES 

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 196/J's. was to regional networks 
utilizing what has been referred to as traditional traffic assignment 
techniques. This traditional approach consists of loading an origin
destination trip matrix to the minimum path routes determined for a 
transportation network. A wealth of experience and development has 
resulted, although the variation in approach is wide due to the large 
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 techniques described in Chapter II will be 
utilized to a great extent in the future, their discussion in this Chapter 
is necessarily limited. This results from limited field experience with 
these techniques and from an expected predominant use and adaptation of 
traditional assignment techniques to special problem areas. However, much 
of what is discussed is applicable to the newer develorments as well as the 
traditional assignment approach. Any li mited discussion relative to t he 
new approaches is due primarily to a lack of operational experience rather 
than any bias toward the traditional approach. · 

ZONE-NETWORK RELATIONSHIPS 

chapter 
overview 

ttGeogfaphic analysis unitstt are established for various purposes in a 
transportation study. The basic unit might be the block for data coding. 
An aggregation of blocks might be used for forecasting and di splay 
purposes. For traffic assignment, the geographic analysis unit should be 
established in accordance with the purpose of the assignment(s) to be made 
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. 

zone
rie'twork 
capability 

The establishment of zones and a traffic assignment network should basical ly 
be developed in accordance with the objectives of the assignment. For 
regionwide r:ilanning level assignments, a coarser network and l arger 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 oractical limi ts 
of accuracy and reliability, the smaller ·the zones and the more detai led a 
transportation network established for a particular assi?nment objective, 
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 detai l, the higher will be 
the cost of maki ng an assignment. Regional ass ignments for development 
of an overall transportation plan require assignments to hiqh level 
facilities (i.e. , highways-freeways and major arterials). Assignments 
made for detailed design purposes require as high 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 traffi c 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 techniques 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 design, 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 netvtork, 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 purpose. 

Experience in traffic assignment appl icat ion indicates that this zone
network compatibility helps insure that assignment results wil l be as 
accurate as possible regardless of the level of detail and the objectives 
of the study. If the traffic assignment process is considered as a 
function isolated from other rlanning functions, it arpears 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 fo l1ows: 

Functionally classify the transportation system. 
Include in the system a level of facility one 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 faci liti es which will show changes expec~ed as functiona l 
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
network 
development 

The zone system, then, would be based upon the selected network. Ideally, 
the zonal system would include at least one zone within each land area 
delimited by the selected network. This woul d result (using one zone per 
land area delimited) in four directional links (or two physical sections of 
facility) for each zone. If there were, for examrle, 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 
subdivision of the network links caused by centroid connectors. If each 
zone defined by the above were connected to the system by 4 links, there 
would result a total of one zone for each A links. 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 
Connectors 

0 
l 
2 
3 
~-

Number of Physical 
Links per Zone 

2 
4 

5-6 
7 
8 

Based on experience of operating transportation agencies, it would arrear 
that 10 links per zone is the average, 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, t he same 
approach can be applied whether the assignments are to be made to a 
regionwide network with only hin,h level facilities included, to a corri dor 
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: corisfderations 

-Municipal and/or political boundaries must be considered due 
to the variations in data available from t hese and the qenera1 
requi rement for reporting data for such entities. -

-Census tract boundaries should be considered ba$ed upon the 
large amount of data collect ed on t his bas is. 
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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 tri p generation and distribution 
processes. Homogeneity should also 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 shoul d not contain so much activity that unrealistic • 
network loadings on links near zone centroid connectors may 
occur. 

-Geographical barriers often limit traffic circulation and 
are therefore desirable zonal boundaries. 

A formally structured approach to the idea of zone-network compatability 
has been described by Mr. Eugene Muhich (33). The concept is referred 
to as the Basic Geographic Analysis Unit (BGAU) concept. Criteria 
related to the types and purposes of planning and the kinds of analyses 
to be undertaken are applied to delineate geographic areas which can 
serve as analysis units capable of meeting the reliability requirements 
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 planning to a 
specified degree of reliabi lity or precision. Hence , to do a given type of 
planning for a given purpose under a 0iven set of circumstances, a 
relatively specific number of BGAU's is required. These differences are 
illustrated by a comparison of the genera l types and rurposes of planning 
that might be expected in a region as shown in Table II I-2. In addition 
to the scale and types of plannin~, the size and character of BGAll's are 
related to the tyoes 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 f uture it is 
forecast to be urban. The requirements for BGAU 's would di ffer 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 locati on and design purposes for all faci l ities 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 
migh t be used in an urban area. Most State highway departments have 
developed such "standards". As suming 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 all owed in a BGAU and s1:ill 
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, i t was decided that this 
could. be. used as. a. measure of the level of activity that could be rermitted 
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TABLE III-2 

Illustration of BGAU's associated \'1ith various planning situations., 33) 

Planninci Types of Number of Convention 
Scale Type Purpose Tools BGAU's Designation 

Regi ona 1 Urban Central Land Use Traditional 89 Urban Super Districts 
(3 county SMSA Rural & Transportation including 38 Rural 
with one urban Corridor Traffic lTT 
area) Planning Assignment 

Urban Urban Genera 1 Land Use Same 178 Districts 
and Major 
Arteri a 1 
(Expressway) 

Urban Urban Detailed Land Same 534 Traffic 
Use and Tota 1 Analysis 
Arteri a 1 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 III-3 

URBAN DESIGN CRITERIA & 11 STANDARDS 11 
- AN EXAMPLE 

Functional 
Class Classification 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

2 

Freeway 

II 

II 

Expressway(w/lO'SH) 

II 

Principal Arterial-

{
Divided, 2' SH. 
w/left-turn lanes -

Minor Arterial -

{
Divided 
w/Lt.-turn lanes-

Minor Arterial -

Not divided 

Collector -

Not divided -

Table conditions 

No. 

e!nes 
10 

8 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

4 

2 

5% Trucks - - - - Class 1 thru 13 
l 0% Lt. turns - - 11 l thru l 0 
10% Rt. turns - - 11 l thru 10 
No parking - - - - 11 1 thru 13 
Metro. Pop. - 750,000 11 l thru 10 
l 50-50 greentime/hr 
2 40-60 greentime/hr 
3 30-70 greentime/hr 
* f6r 0% Trucks+ 10% 

For 10% Trucks - 8% 
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Di rec ti ona 1 
Split 

DHV K ADT 

60-40 

60-40 

60-40 

60-40 

60-40 

60-40 

60-40 

60-40 

60-40 , 

8,350 9% 

6,080 9% 

3,830 9% 

3,8301 10% 
1 

2,830 10% 

3, 180 l 10% 

2, 120 l l 0% 

2,4202 10% 

l 5702 10% , 

92,800* 

67,600* 

42,600* 

38,300** 

28,300** 

31,800** 

21 ,200** 

24,200** 

15,700** 

Undesirable 

55-45 1,4902 11 % 13,600** 

1,2303 12% 10,250** 50-50 

50-50 

** 

5303 12% 4,850** 

For Residential Area+ 11 % 
For C. 8. D. - - - 9% 
For 0% Trucks - + 5% 
For 10% Trucks - - 6% 
For Metro. pop. 500,000-5% 
For Metro . pop. 1,000,000 + 5% 



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 homogeneity by BGAU . 

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

Once all the criteria to be considered are assembled, the procedure for 
defining BGAU's (assumi ng the interest is in design class n and above) 
i s as fo 11 ows : 

-Assemble a set of base maps. The maps and overlays should 
show topographical features incl udi ng physical harriers , 
existing land development, land currently committed to new 
development, and civil division boundaries. 

- Usi ng a street and highway system map of t he same scale, 
identify the functional design classes of the arterial 
facilities. Using an overlay, plot the class 6 through 13 
facil ities 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 

method of 
zone..:.network 
definition 

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 barriers and major 
arterial facilities. 

-Working 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 refi ned BGAU's should be checked 
to determine if any activity control has been exceeded. This v!ill 
necessarily involve the inspection of fa cili ties not included 
in the analysis network to determine if sorie lower classes 
should be added to the networ k in order that the centroid 
connectors can properly load traffi c to and from the BGAU. 
Some simplified Trip Ge neration relationships should be used in 
conjunction with the land use, population, and empl oyment 
information to estimate the total number of trips in the BGAU . 
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This tota1 trip activity should then be comrared to the 
traffic volume controls to make a preli~inary determination 
of the number of centroid connections that will be necessarv 
to accomodate this amount of t rip activity. The maps and · 
other information should then be reviewed to determine t he 
proner number and location of centroid connectors in order 
~o iimulate the travel to and from the BGAU. 

-A final review of the BG.AU's should be made to assure that 
the BGAU's satisfy the established criteria to the maximum 
de0ree. 

The implications 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
siderab1e. In addition, forecasts made on a very small area basis may 
hold such inaccuracies as to cause questionab1e ass ignment results. The 
ability to estimate land use characteristics and deve1or meaningful travel 
forecasts on a smal l area basis must be considered here. 

The two general approaches that ~igh t be considered for handl ing ~ulti 
level assianments are: 

- -development of a regionwide network to the finest detail 
expected to be used in ar.y specific analysis ~1ith corresron<ling 
zones, data, and forecasts . 

-Development of a network on a regionwide scale (detai1 
required for regionwide analysis) with corresponding zones, 
data, and forecasts. 

Each of the above approaches has advantages as well as di sadvantages . 
The first procedure requires that network data be co 11 ected for the fine 
network for an entire region. This includes characteristics such as 
capacities , ground counts, and speeds. All 7.0nal attributes required for 
trip generation, trip distribution, and modal split wou1d have to be 
gathered and forecast at a fine level of detail over the entire region. 
Once done, however, the abi lity to make regionwide assignments 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 detai1ed 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, ar. additional data collection effort, and 
the addition of more detailed network data in the soecific area of interest. 
Again, data handling and calculation processes exist for accomplishing 
the necessary work if this approach is taken (see Chapter I I, pages 62-68 
on small area traffic estimation) . 

Both of the above approaches have been successfully ap~lied. The bas ic 
goa.ls and object ives 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 t ime effectiveness of each approach , as well as any 
theoretical consideration deemed important, are cons idered . 
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At least one state has decided to approach the above problem by develoring 
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 link sections, and is used fQr detailed area and corridor 
analysis. The second zonal-network system contains 850 zones, 9000 links, 
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 
recommended depending upon the area or population of an area. Discussion 
with practitioners in the field has indicated that each urban area must be 
handled separately based upon its own characteristics of topography, 
network configuration, land use characteristics, and study purpose. A 
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 arparent. There is a narrower 
limit on links and zones as related to area and a rather narrow limit on 
the links per zone relationship. A rossible 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 relationships in studies within a singl~- state. 

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

Popul. Links Zones Zone Link Sq.Mile Zone 
A 533000 439 5114 4.p,9 10.5 104 10.4 1090 
B 333000 41'il 524fi 527 10.0 63 11. 4 632 
C 721000 539 6322 765 8.3 114 11. 7 942 
D 80000 139 Bl7 Hi2 8. l 61 9.5 494 
E 515000 650 5779 616 9.4 89 8.9 836 

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

TABLE III-5 

Zone Relationships - Nationwide sampling 
(74 urbanized areas) 

Population 
Range 
(Study year) 

Less than 75,000 
75, 000-150,000 
15Q,OOn- 300, IJOO 
300,000-1,000,oon 
Greater than 1,000,000 

Sg. miles per zone 

Average 

0.55 
1.07 
1. 32 
2.22 
3~1 3 
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Range 

0.11-2.11') 
(), 24-3.39 
0 . ?.ll-4 .• 01 
n. 0.1-10. ?.7 
0.58-11. 31 

Persons per ·zone 

/weraae Range 

954 
P,72 

1296 
2R28 
7339 

12n-2700 
357-1692 
545-240() 

l3Hi-7175 
2214-24569 

examples 
of zone -
network 
relation
ships 

Zones 
per Sq. 
Mile 

.99 
1.14 
1.42 
1.16 
0.95 
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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 limited the 
number of links 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 (gridlines) 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 little 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 link network in the area would actually be 
assigned to the included links. 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 assigned volume would be less 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 segments (links), 
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 trip 
length for the fine zones was 2.93 miles and for the large zones 3.60 mfles. 
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 
add network since there are usually more constraints placed on the zone 
configuration by other factors. These efforts should all be guided by 
the desirable zone-network configuration for compatibility and the goal 
of the study area as they relate to the network analysis. If the network 
is found to be too fine, either more zones should be designated or less 
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. 

correcting 
for zone
network 
incompati
bility 

In updating transportation study data and techniques, the opportuni ty to 
reevaluate the zones and network establ ished 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 - reevaluat i on · 
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 i s 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 ass1an
included. Comparisons are made of assignment volume and ground counts ment mo el 
accumulated to some level of aggregation (see Chapter V) or compared with 
ground counts on a link by link 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 of the 
assignment model should proceed with few zone and/or network changes 
being necessary and being limited to minor changes in system parameters. 
A checklist that may be used to accomplish the above follows: 

-Check the network - counts and capacity 
Build and trace trees - logic of trees 
Logic of coun~ and capacity 

-Locate imbalances 
Gridline analysis 
Check fineness and coarseness 

-Corridor analysis 
Check VMT, assigned vo lumes versus counts 
Adjust speeds in corridor (i.e., if under assigned, 
increase speeds in corridor to make it more attractive) 

-Analysis of specific l inks 
Look at speeds and turn penalties 
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NETWORK REPRESENTATION AND SPECIAL FEATURE CONSIDERPTIONS 

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 back~round information 
to augment the coding instructions that are pertinent 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 srecial features to be considered in t he coding 
of an assignment network should be based upon the type of assignments to 
he made. For example, for broad regionwide planning-type assignments 
there is usually little need for detailed geometric definition of the system 
and use of turn penalties or prohibitors. Turn penalties allow t he 
specification of travel time in addition to l ink 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 links on a network will be less than one inch long, thereby allowing 
annotation with necessary information. However, this sometimes results 
in requ i ring 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 m~os for subsequent coding on sheets for keypunching 
(refer to Chapter I, Oata Requirements Section and Figure III-I for 
illustrations of terms used below): 
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detailed 
direction
a 1 coding 

- Definition and location 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.g. distance, speed, etc. ) 
- Spec ial coding features for interchanges, external stations, etc. 
- Map identification for storing and future use 

For futhe r details on these i terns the reader is referred to the manua 1 "Urban 
Transportation-General Information" (14) prepared by the Federal Hig hway 
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 ass iqnments. If the 
system coded contains high type facilities, and corridor type analyses are 
to be made, the facilities and their interchanqes may be coded directional ly. 
In directional coding, turning movements and weaving movements may be specified 
as l i nks in the system. In this level of codinq, the longer distance and 
traveltime inherent in the loops of a cloverleaf interchange , for example , may 
be simulated by directional coding. Examples of the possibi liti es that may be 
considered are shown in Figure I II-2 for freeway type interchan9es. 

I 
I 

¢ 

CENTROID 

~ 

0 = NODE 

FIGURE Ill -2 

EXAMPLE OF DIRECTIONAL DETAILED NETWORK 

CODING-HIGH TYPE FACILITIES(14) 
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Similar detail may be coded for intersecting streets to account for detailed 
traffic control, time of turning, and turninq prohibitions. Figure III-3 
shows that eight nodes may be used in place of a s ingle node at an intersecti on 
to allow the separate identi fication of each movement. Turns can be prohibited 
and different penalties used for eac'h movement if des ired. This scheme can 
be used v1ith mos t assignment systems, incl uding those that do not allow use 
of turn penalties and prohibitors. Where prohibitors are available, the 
detailed coding descri bed above can hand l e t hese prohib itors as shown in 
Figure III-4. In considering the above concerning real ism and detail, the 
practitioner shou l d be objective concernino the degree of accuracy that may be 
achieved at ramps and intersections. 

Many computer packages limit the number of lin ks that may be connected to a 
node. Some limit this to four links . l~hen intersections of more than the 
maximum number of allowable l inks are encountered, it is necessary to add 
extra nodes in such a way that t he li nk limitation is not exceeded. This is 
accomplished by adding a dummy l ink (a link with zero time and dis tance) so that 
the time to the intersection during the route bui lding process is not affected 
as shovm below: 

0 TIME & DISTANCE 
DUMMY LINK 

ACTUAL CONDITION FOR CODING 

turn 
penal ty & 
prohi C, -
tors 

Turn penalty and prohibitor features of some assignment systems ~llow more dire~ 
coding of these characteristics than described above. However, there are sti l l 
cases where detailed analysis may warrant special cod ino of an intersection 
or freeway interchange . For example, miles · of travel and speeds on ramps may 
be desired. In addition, most computer systems l imit the number of turn penalty 
values that can be used. Direct coding al lows use of different val ues between 
intersections. 

Figure III-5 shows two design situations that may warrant speci al handlino 
during the assignment process . This specia l handlinq may utilize turn prohibitors 
if available (as shown) or use detailed codin9 whi ch requires use of add itional 
nodes. 

The coding us ed for networks becomes directly involved in the routinq 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 trees 
are proh i bited movements and penalties i n a system. If many intersect ions have 
prohib ited turns or large turning penalties associated with t hem, vines shou l d 
be used. However, about twice the computer time required to bui ld trees 
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SITUATION A 

ALL LEFT TURNS EXCEPT 1 PROHIBITED 

WITH RIGHT TURNS HAVING DIFFERENT 

PENALTIES (X.X) 

FIGURE 111-3 

► 

SITUATION B 

TWO THROUGH MOVEMENTS AND TWO 

LEFT TURNS PROHIBITED 

EXAMPLE OF DETAILED INTERSECTION CODING 
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SITUATION 1->. SITUATION B 

FIGURE m-4 

USE OF TURN PROHIBITORS IN PLACE OF 

DETAILED CODING SHOWN IN FIGURE m.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 savi ngs 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 threemaJor data items necessary: 1) network geometry -
which may be a very abstract reproduction of the actual system, or a detailed 
description of actual geometric characteristics; 2) trip data; and 3) network 
parameters. The only network item required for assi gnment purposes is an 
impedance value on each link for optimal route calculations. For some systems , 
distance mus t be coded (15). More data can be coded to increase assignment 
usefulness where required: 1) operational characteristics such as prohibitors 
and turn penalties , and 2) descriptive characteristics such as functional 
classification of faci lity, administrative class, type of area, etc . The 
last items allo1t1 more meaningful and useful surrmaries of assignments to be 
produced. 

network 
data 

A series of computer programs has been developed to dea l with trans i t retworks (7). 
These programs are commonly referred to as the UTPS (UMTA Trans portatian Planninn 
System ) 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 su ppl ied for a network . Lin ks are 
coded as in the "traditional" highway network. The only additional information transit 
that i s supplied is the mode(s) of travel serviced by the link. The continuity ne&tworks 
of individual transit routes is maintained by supplyin g "line cards". These 
"line cards'' define a transit route as a series of nodes. In addition, head~vays 
are su pplied for each transit route (line) to provide for the computati on of 
waiting time. 

Once a transit net\vork has been established, several variables can be altered 
for calibration purposes. These variables are: maximum and mi nimum trans fer 
penalties; number of transfers permi t tea on a path from origin to destination; 
wei ghting factors for running time and waiting time; and mode to mode transfer 
prohibitors. Since these variables are supplied during the mi nimum 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 obtained f rom the ba ttery of programs are tailored 
to transit analysis problems and provide information that is unique t o transit 
planning such as: number of vehicles required to serve a route und er given 
headway conditions, passenger miles, passenger hours, peak loads, minimum 
headway necessary to serve passengers, and vehicle idle time. 

The desirability of automatic plottinq should be considered when codinq o·F 
tr~nsportation systems is underta ken. Chapter V describes automa t ic pl otting, 
including the necessary digi t izing of coordinates that must be done as well as 
plo tting devices and types of dis play. Automati c plotting rrograms 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 background 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 fl exible, 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. Usually, an installation that has a plotter will 
also have the necessary subroutines. 

Data plotting within the urban planning battery is accompl ished in three phases: 
- Insertion of coordinates in the historical (com uter network 

escr1p 10n recor - e main unction 1s to insert or up ate 
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 ~rogram - An intermediate program 
in the plotting system accepts ne works 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 links with one or two 
variable data fields, such as volume, speed, distance. etc. 

- Generation of plot taee - A single line qraphic 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 the 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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NEHJORK IMPEDANCES 

The choice of initial network impedances for traffic assignment purposes and 
the adjustment of these duri ng the calibration and application of traffi c 
assignment techniques is important since not only are the traffic assignment 
results affected directly, but also most other planning models are affected. 
Zone to zone impedance summations are used for most planninq models including 
those for trip dis t ribution, 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 solit models and land use models. Choice and 
use of impedance measures is o~e of the more important fac tors relati ng 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 level of consideration is given in wany cases. 

The c~oice of ·impedance measures and t heir adjustment affects: 
- Netvwrk calibration 
- Trip distribution, l and use, and moda l split model calibration 
- Future application of trip distribution, land use, and modal 

split mode l s 
- Future assignment results 

chance 
ot ·net
work im
pedance~ 

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 net\'1ork (34). 
The net\'1ork consisted of 18 streets runnin<J north-south and the same number 
east-west . Streets are assumed to be soaced one mi~e aoart. Four streets 
running east-west are expressuays 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 resul ts of the study. Changes were made in individual streets and expressways 
as v1ell as chanqes to all expressways. Expressv~ay free speed was set at 60 mph 
and arterial free speed was set at 30 mph for t he base assi gnment. Table III-6 
shows changes in pert inent system characteristics due to the speed changes . This 
table provides an indication of what the effects might be of variat ion in 
impedance val ues on traffic assignment resu l ts. For example, by increasing 
the speeds on all expressways from 60 mph to 70 mph the percent VMT on expressways 
increases from 57.5 t o 62.0 . 

For base year initial link impedances, most practitioners uti li ze link travel 
time based upon observed travel speeds along a sectior. of system. Generally, for 
highway networks , this i s obtained by some level of fiel d work utilizine; floating 
car techniques. The r rocedure manual on "Detennining Travel Time" developed initial 
by the National Committee on Urban Trans portati on is used by many in setting link 
up their speed stud ies (35) . Except in small study areas, say under 150,000 imped-
persons, a sampling of facilities is underta~en with t he samplE results analyzed ances 
and used to estimate link times. Either the actually measured times can be used 
direc tly for the sampled links and est imates based on the samples used for the 
non-sampled links or the measured times need not be used direct ly for any l in ks. 

The sampled lir:k speeds are generally analyzed by classifyinq ther, by facility 
type and type of area and obta;ning 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 b TEST 33 ' TEST 34 • T EST 35 • TEST 36 t 

VMT 8,807,373 8,8 19,266 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 2 11,952 2 16,730 190,567 220,884 
Art. VHT 194,227 198,354 199,085 197,701 195,181 223 ,521 182,390 

Speed (mph ) 21.6 21.4 21.5 2 1.4 2 1.5 1 20.7 22.4 
E xp. speed 23 .8 23 .8 24.l 23 .6 23.78 23.3 25.5 
Art. speed 19 .3 19.0 19.0 19.2 19.00 I 8.5 18.9 

Cost ( $) 327,367 328,454 328,966 324,498 333,805 289,504 352,5 l l 
Exp. cost 213,093 212,996 210,405 208,417 219,675 159,972 246,007 
Art. cost 114,274 115,458 118,56 l 116,08 1 114,130 129,532 106,504 

Cost/ VMT (¢) 3.72 3.72 3.74 3.69 3.77 3.37 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 
% VMTonexp. 57.5 57.3 57.1 56.8 58.2 51.7 62.0 

• Legs: speed on s treet 09 lowered to 15 mph. d Legal speed on street 12 (exp. ) increased to 75 mph. 
b Legal speed on street 09 increased to 45 mph. 0 Legal speed on all expressways lowered to 45 mph. 
' Legal speed on street 12 (exp.) lowered to 45 mph. ' Legal speed on all cXpressways increased to 70 mph . 
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links. Another approach would use the classified data by relat i ng operating 
speed to posted speeds. Other methods involve classifying faci lities by 
system, area, and signal control and within these classifications developi ng 
relationships between speed and vo lume/capacity ratios. Sti ll in other 
approaches the density of an area (trips, population, employment) has been 
substituted for type of area. 

In determining a cl assification matri x for obtaining speeds (i.e. geography 
and facility type) it is important t hat the classif i cation matrix or "speed 
table" be such that the standard deviation of the speed is a mini mum within 
each cell. For example, a mean speed in t he 50-70 mp h 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 str ived for. In any 
case, large cell standard deviations should be examined and one of the 
following approaches considered for reducing t hese standard dev iations: 

- Further subdivision, perhaps on an additional characteristic 
(i.e., v/c ratio). 

- Equations based on data wi thin the cell relat i ng the speed 
to factors such as posted speed, stops/mile etc. 

A sample table. o.f average running speeds .by facility tape and location is 
conta:ined in the FHWA "Urban Transportation General Information" manual (36). 
Tab1e III-7 shows the speeds and standard deviations obtai ned for another 
classification which has been used. 

Route Type 

Full Access Control 

Multilane Streets 

Single Lane Streets 

TABLE III-7 

Standard Deviations 

Area Type 

All 

Rural, Res. Suburban 

Res. Intermed iate 

Res. Urban, Corrm., 
Industrial 

CBD Office Bldg. 

Rural, Res. Suburban 

Res. Intermediate 

Res. Ur ban Corn . , 
CBD 

96 

in Speeds 

Mean Speed % STD Deviation 

43 24 

30 27 

19 34 

15 56 

9 60 

25 32 

18 50 

16 49 



In this study, regression analysis was accomplished for each subgroup. 
It was found that the standard dev iati on of the computed values fo r speed 
about its mean was less than the standard deviation of its observed values 
in each of the sub groups. For limited acces s facilities, the posted speed 
limit was used as the independent varia bl e. The desira bility of using the 
speed limit as a variable should be carefully considered. Many studies have 
found this variable to be important in developin9 speed relationships. 
However. speed limits are often changed as a result of studies of vehicle 
operation. For non-limited access facilities, the posted speed limit, 
signalized intersections per mile, and the link length were used as independent 
variables. These types of analyses may be accomplished for tota l daily flow 
speed or for separate determinations of peak hour and off peak speeds. 

imredance 
se ection 
examples 

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 link and perhaps control information (average stops per mile and 
speed change cycles). To this, the tolls are added at the appropriate links. 
Except where toll costs are of particular significance, the use of speeds 
(travel times) results in a more readi ly applied and easily understood ass ign
ment process. 

The speeds used for traffic ass ignment purposes should not be spot speeds, 
but should be reflective of overall travel time between nodes in t he 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 directl y 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 impedance 
provided good results in some cases. Sampling of links and analysis to apply sampling 
these to the universe is done for economic · considerations. In sampling 
speeds, it would appear that two factors should be considered in selecting 
the sample: (l) the number of links in each functional classification and 
geographic area reflected in the assignment net\~ork, 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 lower volume facility speeds also affect the 
assignment results of the higher volume facilities. 

For assignment networks coded to represent 24 hour travel t ime , some avera ging 
of link 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 sinqle run can be 
made in each peak period with two off peak runs or three peak and three non pea k 
runs could be made. 

As sumina 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 lin k volumes. As described in the next section, this calibration may 
be based on the use of manual adjustment to some links, 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 
initi al 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 lar9e differences in 
link 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 argued that 
the network impedances providing the best assignment are most representative 
of zone to zone impedances. If sufficient care is ta ken in developing 
networks and zones which are in the proper balance, it is believed that either 
approach to l ink time use for model calibration is acceptable. This is based 
on the assumption that there is little 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 origi nal network impedances and calibrated impedances 
should be made to satisfy the practitioner that the magnitude of zone to zone 
time change i s not significant. Generally, if the same criteria are met in 
comparing trip l ength 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: l) 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 wTthin + 3%. 

In looking 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 model s , 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 cal ibrated 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 trans portation system, then level 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 systefll 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 ba lance (speed vs volume/capacity), the trip 
length 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 lengths or in t he 
person (or vehicle) hours of travel, consideration should be given to a 
feedback -loop where the final network impedances are used through the models 
developed for land use and trips with a new set of assi gnments 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 fo r deciding 
on alternate future highway locations, then the final impedances resulting 
from the base year calibration of the network would be ut i lized. 

The use and application of speeds for network ass i gnment purposes requires 
careful consideration. As will be described in the next section, calibration 
of a network may include adjustment to i nput speeds to provide assigned 
volumes which are consistent wi th 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 assi gnment results s ince relative 
di fferences 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 t he cali ri-
following discussion, it is assumed that the zone-network adj ustments 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 s ingle best path or proportion these between alternate routes 
based upon some rel ative impedance compari son. Quite often, one route is 
selected as shorter than others based upon the mini mum time value that may be 
coded on a link, i.e., 1/10 of a minute. Small time differences may result 
in routings that are unrealistic when viewed in relation to what ~eople actually 
do. 

Adjustment of system impedances is but one phase involved in the "cal ibration" 
of a traffic assignment model. The ca libration consists of adj ustments 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 t he current system, reasonable 
results can be obtained on future systems. The ability to reproduce such travel 
is related to three elements: 1) the tri p data; 2) the network coded; and 
3) the assignment procedure itself. Trip data chec ks are discussed in detail 
in the revised "Home Interview Manual" (37) of the Federal Highway Admi nistration. 
Network considerations include: l ) 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) establishin9 a 
zone-network compatibility; 4) coding as accurately as possible the geometrics 
and operational characteristics such as volumes, speeds, capac ities, interchange 
geometry, street patterns, turn penalties, turn prohibitors, etc . 

The assignment procedure itsel f wi ll have deficienc ies which tend to cause in
accuracies when making compa risons with exist ing condit ions . In most 
techniques trips are loaded to and from load points (zone centroids) which 
may cause difficulties at the surroundi ng links . These difficulties may be 
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 assi gn 
by some routing rule which does not necessarily reflect peoples actual travel 
choices. For example, picking the single best route and loading trips on 
these i s not necessarily the way actua l travel occurs . The system impedance is 
generally a single parameter (i.e. , time , di st. , 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. Th i s work 
considers a TD (time-distance) factor based upon the function: 

TD factor= TP + D(l.00 - P) 

where T = time, min ; 
D = distance , miles; and 
P = decimal fraction of weight assigned to time. 

Between t he values of P O and P = l, 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 va lue of Pis determined, t he same va l ue 
is used for the entire network assignment . Another functi on tested i s based 
on a combination of distance and speed raised to an exponential power , as follows: 

Exponential factor= D(K/V)n 

where D = link distance; 
V = speed, and 
K = arbitrarily selected constant 

To determine the ability of the assignment method to represent real i ty , checks 
should be made in the base year by comparing assignment results with ground counts. 
The differences in compari sons may be due to inaccuracies in the trips used for 
assignment , in the zone-network compatibility establ ished , in the coding of 
geomet ri cs and operational characteristics (i.e., travel time), or in the counts 
being used for comparative purposes. 

Checking of assignment volumes with counts is usually done by: 
l) 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 di str icts) by functional class of 
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facility. 
2) Comparing volume counts and assignments 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 111-7, 

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 ~ages 73-83 of this chapter for 
discussion of zone-network balance checking. Assuming trips are acceptable 
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 i~pedances 
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 (geometry, impedances, etc.) can 
be checked in a variety of ways (screenlines, VMT in small areas, individual 
link comparisons). The usual method is to build a set of saMple routings 
("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 

coding 
errors 

adjustments are made. These adjustments are made manually or by automatic imeedance 
adjustment procedures such as capacity restraint or volume restraint based on adJust
ground· counts. The choice for manual adjustment of link 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 small er 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. Volume/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 unusa~le 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. Snme 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 corridor, •::t nd ind i vidual lin ks. 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, i ncrease 
speeds in the corridor to make it attract additional travel). Individual 
links should be evaluated by comparing volumes assigned versus ground c:ou,1ts. 
Here adjustments may be made in speeds and/or turn pena1ties . 

purpose of 
The purpose of the network calibration where impedances are changed is of adjustment 
importance s ine~ the proc~ss 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 procedure in the future. The resulti ng 
network impedances, however, may never be used for any purpose. In some cases, 
the finally calibrated network is used for input to calibrate other plann ing 
models, such as for trip distribution and modal spl i t. In other cases, the 
uncalibrated input impedances are used. In applying the traffic assignment 
procedure to future conditions, the calibration proces s ~ay 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, caracity 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 wor k 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 worthwh i1 e. 

The use of speed tables in calibration of a network and for the development 
of input impedances for future year networks will be used as an illustration 
of how calibrated speeds may be used for future system applications. As 
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. l~ithin this classification, 
further relationships or sub-classification may be made, for example, by volume
capacity ranges. The table is used for coding system impedances 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 

use of 
~ 
ta5Te -

l evel 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 codi ng and develorxnent, 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. 
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CHAPTER IV 
APPLICATIONS 

The traffic assignment methods described have been used for a •.vide 
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 b~ing 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 PLANfHNG 

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 
smal 1 areas and corridors within a region to obtain more precise facility ass1~nment 
locations and to provide more specific volumes for design purposes. applications 

The developing, testing, evaluating, and selecting of alternative plans i s 
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 
.the testing and evaluation of alternative systems. Future systems can be 
developed using traffic assignment results as an input to the decision-making 
process used to establish alternate systems. However, there is no existing 
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, intennediate year 
transportation systems and priority plann ing are needed to establish short 
range expenditure programs. 

Two general approaches have been utilized in practice to establish future 
systems. One considers analysis of deficiencies in the existing plus 
"committed" system in some short range peri od, the necessary fac ility 
improvements and additions to reach stated goals and objectives as well as 
system perfonnance, and a further extension of this to another intermediate 
year or to the target year. The tenn 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 prev ious process. The 
step by step process would be as follows: 

- Evaluate the existing transportation system and detennine 
additions and improvements required to reach some stated 
level of service and which helps atta i n the goals and objectives 
established. 

- Assign a fu t ure year trip matrix, perhaps one-third of the way 
between the present and target year , to the system established 
in step l. Evaluate that assi gnment and detennine additions 
and improvements requ i red for desired levels of servi ce, 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 mos t used by operational t rans portati on 
planning agencies, is to assign target year trips to t he existing and "commi tted " 
transportation system. This assignment is used as the basis for establis hing 
alternate target year networks for testing purposes. Intennediate year 
networks are developed as subsets of the system(s) developed for the target year 
with testing accompli shed to establish the intennediate year plans. The steps 
in this approach woul d 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 cons idering 
additions and improvements. These would be tested to arrive at 
a target year transportation plan. 

- Within this plan, subsets would be evaluated in intennediate years 
(to establi sh a staging schedule) to develop alternative possibilities 
for transportation system development and intennediate year 
transportation plans wou l d be establ ished. 

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 long range objec tives in the development of a desirable 
long range plan. Depending upon point of vi ew, this may be an advantage or 
disadvantage. One school of thought believes development of a l ong range plan 
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should not be influenced by shorter range needs. The l ong 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). Th is 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 i s - vs. long-range 
should the system be located 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 i n 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 i mprovement to 
future periods can be evaluated. This approach may aid in integrating 
the p1anning 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 study findings since target year only plans are developed. In 
addition, in some instances intermediate year plans cannot be programmed due 
to funding limitations. It is most important that the planning-programming 
process be interrelated. Programs should be based upon bu ilding 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 min imum, the 
two traffic assignments that should always be undertaken are: 

planning
progranming 
i13t.erre J at
ea 

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

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

- Appraising the Performance of the Existing System. Performing 
an evaluation of base year conditions represents an excellent 
method for determining and reporting upon the existing performance 
characteristics of the regional transportation system. Measures 

* 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 ra ti os, 
and so on can be used to isolate current deficiencies, 
which can provide the factual basis needed for an i1T1Tiediate 
action program. Such a program may be advocated by a transpor
tation study well in advance of developing or updating the 
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 developing, testing, 
and evaluating a land use/transportati on plan may consume many 
months, if not years. The process can be streaml i ned to a 
certain extent by develop ing evaluation criteria and an 
evaluation techn ique 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 ena~les the 
fine tun i ng 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 t he planning information 
provided through evaluation of futu re alternatives lies i n the 
difficulty in placing all t his data vlithin a comprehensible 
context . For example, a range in system speeds among f utu re 
alternatives from 25 to 30 miles per hour may have little meaning 
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 alternat ive becomes a muc h more 
meaningful number if it is kn01·m 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 
provides an indication of the do-nothing alternative. Too often planners fail 
to clearly indicate to policy officials and to the publ ic the consequences of 
completely halting the program of transportation improvements within an urban 
region. While such an action may appear unthinkable, recent experience with 
controversial transportation projects within urba nized areas has shown that t he 
burden of demonstrating the need for a sustained program of capital improvements 
rests squarely with those government agencies and officials who ha ve such 
responsibilities. Unless we can demonstrate the consequences of doing nothing, 
it will become increasingly diffi cult to do anything. However, it is 
important to consider that such an assi gnment of future trips to the existing 
plus coomitted system can be misleading as well as helpful, since the future 
trip table is based on a projected land ~se 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 c0Tm1itted 
to various degrees. For example, a line on a map where no other action has been 
taken, such as location, design, and possibly right-of-way purc~ase, 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. 
Pl an development should not be constrained by facilities establ ished by 
some ad-hoc process that located facilities which really do not fit an 
overall transportation plan. 

!~hile the evaluation of current conditions and t he do-nothinq alternative 
are to be strongly advised, the principal focus of the evaluation process ~ 
should be the discrete number of land use/transportation alternatives aevelopment 
which emanate from the plan development and testing phases. These alternat ive 
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 
selecti on and adoption of the most desirable pl an. 

It is important to consider as broad and as imagi native an approach as possible 
when developing alternative solutions to transportation problems. A first 
step is the identi ficat ion of community values and goals. The second step 
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 plannin9 tools. 

A prerequisite for the development of a comprehensive transportation plan 1s 
a thorough knowledge of the land use patterns which the trans portation network 
will serve. The land use plan is usually developed as an inteoral part of the 
transportation plannin<J process but may come from other sources. Regardl ess 
of the source, implementation of the transportation and land use pl an must be 
done j oi ntly since one plan will have a direct effec t on t he outcome of the 
other. 

There are many different patterns of <Jrowth which r1ay evolve in a number of 
urban areas. The future transportation system should be desi gned to implement 
as well as serve the land use plan that has been determined t o be the most 
desirable for thP. urban region . There are numerous ty pes and varieties of 
land use plans or patterns of urban growth. Every city represents a unique 
variation of one ki nd or another. 

Sketch planning is a popular and widely practiced techni que used to develop 
alternative plans. He method, which is more an art than a science , relies 
heavily on the skill, understanding , and wisdom o~ the peopl e involved . A 

sketch 
planning 

team of experts develops alternative plans using i nformation on desirable 
standards, and receives guidance through the ac tions and poli cy statements of 
the local elected officials. A sense of corrmunity values, needs, likes, and 
disli kes are also important. The designers shou ld also try to emphasize 
different types of networks. Consideration shou ld be 9iven to freeways, 
arterials, traff ic engineering projects , and transit to serve the t ravel demand. 
One set of alterna ti ves should emphasize a freeway solution, another arterials , 
and a third, transit. The fourth set of alternatives shoul d l ook at combina
tions of the other three. The des irability as well as the feasibility of major 
vs. minor construction should be considered . 

A more analytical approach to sketch planning has been developed by Koppel man (40) 
for the Tri-State Transportation Commission and expanded for ap~lication 
nationwide by t he FHHA (41). In t his 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 ranqes 
of transit use as well as mix in freeways versus other arterials, etc. Foi 
each mix, user as well as non-user benefits and costs may be derived and 
eva luation of differences performed. The results of this process vJOuld 
be a starting point for the development of alternative networks fo r more 
exhaustiv~ testing by traffic assignment methods. The process is also 
useful in examining impacts, resulting from mixes in facility types , such 
as air pollution. The Was hington Metro politan Area Council of Governments 
has util ized such an approach for sketch planning and development of pollutant 
emissions (42). 

The follow i ng is an example of an approach taken by several agencies. An 
approaches assigm1ent of target year travel is made to the existing plus committed 
to systems system. The system is evaluated by comparino vol ume to capacity on the 
evaluation sys tem lin ks as well as evaluating system sp~eds . System cri teria established 

composit 
network 
analysis 

might be that overall system speed (total travel distance on the network 
divided by total travel time) should be greater than XX mi les per hour and 
that the volume to capacity rat io should be be tter than that expressed by 
level of service C as defined by the "Highway Capacity Manual - 1965 " (16) on 
at least XX% of the system. The fi rs t changes to the system are traffic 
engineering improvement s aimed at increasing capac i ties and speeds. After 
these are made, the traffic engineering improvements are broadened to i ncl ude 
some reconstruction and extensions of system. An assi gnment might now be 
made to allow evaluation of t he improved system using t he v/c and speed 
criteria . If the goals established were no~, not met, ne.-1 facility additions 
would be made in developing alternate systems for testing. 

Another approach whi ch has been utilized is to develop a number of conceptual 
plans where each concept is a different mix of facility ty pes and/or types 
of improvements (i.e., free\vays , arteri als, traffic engineerina improvements) . 
These concepts are developed based upon an evalua t ion of t arget year trips 
assigned to the existing plus committed system. The concepts are tested and 
eva luated and one concept selected for further evaluati on . A number of 
alternative plans are developed and tested within the constraints of the 
concept selected. Three concept types might be: 1) Freeways - hi gh traffic 
service; 2) Surface street improvements and additi ons - limited new f reeways; 
3) Intermediate tra ff ic additions and ne~ freeways. 

An 1nteresting method used for evaluating capacity defic iencies in both 
existing and f uture networks is the assignment of O-D desires to a system 
of gridlines (43). An accumula:ion of desires across each gridline segment is 
compared with an accumu1ation of ca pacity across each gr idline Se!lfllent. Fi gur e 
rv .... 1 illustrates a set of gridlines a 'd des ire lines and the surrnarizati on 
accompl ish0d . Figure IV - 2 shows a comparison of accumula t ed desires and 
capacities on the basis of lane deficiencies and surplus at each gridl ine or 
"analysis line" . Thi s result ~JO uld be evaluated to determine the corridors 
where additional capacity might be required. 

An approach which has considerable merit in the development of alterna t,' systems 
is referred to as "Composite Network Analysis" . This entails '.)athering plans 
for fu tJ re systems from the jurisdictions in a planning area and testing alterna
tives which are primarily combi nati ons of these proposa l s. The most important 
plus of this analysis i s t hat all j urisd i ctions are involved and can contribute 
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r~ RID LI N E 
EGMENT 

XAMPLE OF 
NA.LYSIS 
RID LINE \-! 

~~ TWO GRIDLINES 
FORM A CORRIDOR 

FIGURE IV-1 (B) 

TRAVEL DESIRES SUMMARIZED AT EACH SEGMENT TO 
FORM CORRIDOR RESI RES (43) 
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FIGURE IV-2 

LANE CAPACITY DEFFICIENCIES OR SURPLUS 

AT EACH GRIDLINE SEGMENT (43) 
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ideas as to system to be tested. Th is 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 f rom the plan 
based upon evaluation through the regional planning process may also result. 
The basic steps in the process are: 

- Gather plans from jurisdictions and agencies. All the local 
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 plus committed plan i n the 
assignment network. 

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

- Define l inks and "planning links". Planning lin ks are logical 
combinations of regular lin ks along a route. 

- Code the existing plus committed plus composite links. 
- Call for alternative combina t ions 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 

composit 
network 
analysis 

for testing. It also reduces the chance of network errors. Another important 
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 link 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 . Thi s 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 net1vork assignment - a spiderweb network is a purely 
hypothetical connection of equal speed links 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 ass i gned 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 al l trips between selected areas. For example, one may 
v1ant to examine the origins of all trips endinq in the "downtown" 
area (helpful i n developing 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 develollT!ent. 

- Assignments by purpose or trip length - it is sometimes useful to 
examine the purpose (work? shop? recreation? etc.) and the length 
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 - test i ng cycle. The process consists of the development of 

. alternatives, testing and evaluating the alternatives, and developing 
testing . additional alternatives based upon the testing and/or evaluation. The steps 
alternative in a single cycle that might be used throu gh alternative development, running 
systems the models, and testing may be sunmarized as follows: 

Step l. Make a crude forecast of travel (either future year - target 
or intermediate depending upon network development procedure used) 
and assign to the existing plus conmitted 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 illlTiediate action plan. 
Step 5. Using the heavy auto travel corridors as a guide and analyzing 

Step 6. 
Step 7. 
Step 8. 
Step 9. 

Step 10. 
Step 11. 
Step 12. 

the existing transit service in each corridor, develop a transit 
system to operate in conjunction with the highway system. 
Using the system developed, distribute the urban activities. 
Generate and distribute person tri ps. 
Spl it the mode of travel. 
Convert persons in autos to vehicle trips and assign to the 
highway network. 
Assign trips to the transit network. 
Test the systems and adjust to insure proper operation. 
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 est imated 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 coITJTiitted" - or just existi ng 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 least 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 criteri a to this existing 
plus conmitted system to identify deficiencies. This is usually the "minimize 
congestion" objective, with its measure, (vo lume 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 lin ks. 
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 eva lua t i on criteria for 
this trial. However , examination of the other evaluation criteria may be 
desirable to prov ide insight into values developed prior to going 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 
refined alternates. Alternates which appear unacceptable are weeded out as 
the number of alternates expand. The development and testing ends with a 
manageable number of alternatives. These alternatives are then treated in 

evaluating 
alternative 
systems 

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 alternat ive 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 trans portation 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 plannirig 
staff. It is, therefore, desirable to involve the la rgest possible number of 
people in their formulation. Policy committees, technical committees, and 
broadly based citizen corrnnittees representative of the community have been 
used successfully in this area. Some studies have t aken 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 bodi es of the region. 
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Evaluation criteria represent the standards by which alternative plans are 
judged in tenns of their ability to satisfy adopted goals and objectives . 
As such, they are the basic yard sticks for measuring those attributes of 
each alternative which have been identified as having a strong 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 goa l 
area, to develop the necessary infonnation 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 
po licy group after it is fully briefed as to what possibilities exist . 

There are three basic types of evaluation criteria!costable, quantifiable, 
and quali tative. They may be defined as follows: 

- Costable Criteria - Those criteria which can be measured in 
tenns of dollar costs and benefits. 

- Quantifiable Criteria - Those criteria which may be measured 
directly in terms of numerical quantities. 

- Qua litative 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 faci l ity. 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. Mi les of system 
by class and location may be surmnarized by most assignment program systems 
as well as transit seat miles . Air pollutant emission estimates result f rom 
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. All of these are 
direct results of the ass ignment process. 

Much of the evaluation accomplished in the past considered economic characteris
tics and paid little attention to non-costable criteria. New techniques have 
evolved over the last several years which incorporate non-costable cri teria. 

Before discussing these newer techniques, a summary of economic evaluation will 
economic be provided since it is here that direct traffic assignment input and output 
evaluat1on 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 follow i ng steps: 
l) - Ident ification of testable criteria. These usually include: 

direct costs (R.O.W., construction , maintenance); user costs 
(accidents, time costs , operati ng 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 • Mil es of System by Aesthetics 
• Right-of-Way Class and Location 
•Transit Vehicles • Transit Seat Miles 
• Maintenance • Average Freeway 
• Transit Operations Spacing 

• Transit Vehicle 
Headways 

User • Private Vehicle • Accessibility Measures •Comfort 
• Operation .vehicle-Miles of •Convenience 
• Accident Costs Travel •Vi sua 1 Aspects 
• Traveltime Costs •Percent Transit Use from the Road 

(Through Value of • Trip Length 
Time) •Effective Speed 

• Fares 

Externa 1 • Change in Property ·Air Pollution •Neighborhood 
Values -Number of Dislocations Disruption 

• Tax Base • Land Consumption •Psychological 
• Extra Relocation • Noise Attitudes 

Payments 
• Construe ti on 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 co1T1Tiitted 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 link. 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 
High\vays 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: \~hat 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 i s usually either the 
equivalent unifonn annual cost (EUAC) or the present ~,orth (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: 

- Equivalent l/niform Annual Cost Method - - 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 
tenns 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. Cos ts 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 ritio of one 
alternative over the others. The method of selectin c, the "best" 
plan is to begin with the existing plus committed system and, 
proceeding stepv,i se to higher cost (EUAC of ROli + 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 economica lly the "best". 
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- Rate of Return Method - - This method proceeds i ncrementally 
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 select ion 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 i n aid ing 
decisions, but the computations become quite difficult cash flow 
problems. 

evaluation 
In addition to the type of costable economic evaluation underta ken as procedures 
described above, there are others which may prove valuable in evaluating alter-
nate systems. Much of the infonnation has _b_een surrmarized from notes prepared 
as part of an FHWA Urban Transportation Planning Short Course.(55,56) 

- Plan Information Matrix - t his method involves listinq of all 
previo~sly established evaluation criteria (costa ble,·quantifiable, 
qualitative) and the tabulation of all raw unadjusted data 
assoc ia ted 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 - T~is consists of the drawing of profiles 
for various plans showing their relationship to evaluation criteria 
in a graph ical form. In applying the process, each criteria is 
represented by on2 element corresponding to satisfactory fulfill
ment of the goal and a rec iprocal value representing an undesirable 
situation. By plotting more than one profile on the same figure 
(eac~ repr~senting a plan), a graphical presentatio~ of alternatives 
may be made whi ch aopears to have particul~r merit in presentations 
to 1 aym!=n. 

- Rank-Based Exoected Value Method - In this method, plans are ranked 
i n accordance to their ability to satisfy standards vii t hin a given 
objective. The objectives are ranked in order of importance. In 
both casRs, the most desirable si tua t ion is assi~ned the highest 
rank number. The probability of implementin0 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 t he ran k-based 
expected value method in which the goals, objec t ives, and evaluation 
criteria are weighted to reflect their relative degree of importance. 

Once 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 l\lell as, development of desian volumes. 

continuing 
The plan development, testing and evaluation, as well as, the more detailed evaluation 
study should not be considered a stati c process which once done is completed. 
There should be a continuing reappraisal of work accomplished. The continuing 
plan e·.raluation process may be shown by the +lmv 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 implementing balanced transportation 
systems capable of handling travel demand. The steps in the process. 
briefly stated, are as follows (see Figure I-1 ): 

step l - Collect planning data 
step 2 - Develor and calibrate planning models 
step 3 - Forecast travel demand 
step 4 - Develop alternate transportation netvwrks 
step 5 - Evaluate alternate transportation networks 
step 6 - Recommend network for implementation 
step 7 - Develop implementation program 
step 8 - Implement recommended facilities 
step 9 - Continuing elements 

A great deal of work has been accomplished and computerized procedures 
established to assist the transportation planner in accomplishin~ steps 1-6 
above. In reference to step 7 - Develop Implementation Program - the absence 
of a generally used procedure (i n oarticular a computerized orocedure) is 
noted. 

This section discusses the problem of developing an implementation program 

priority 
planning 
analysis 

or priority schedule. It attempts to point out the complexity of the problem and 
discusses some approaches. The methods discussed have been successfully 
applied and have been computerized. 

The developrient of an impl ementation program follows the adoption of a 
recommended transportation Sy$tem . The pro~ram i s developed as a result of 
a Priority Planning Analysis. The objective of this analysis is to develop 
a priority program such that the facilities that come closest to maximi zing 
benefits are implemented first. This analys is is necessary since all proposed 
facilities cannot be implemented simultaneous ly. 

The obvious question at this point is - what are t he factors that should be 
included in the Priority Planning Analysis? Transportation system user cost is 
a pertinent factor; safety is obviously another. Ar10ng the somewhat more 
intangible factors are disruption to the commur11ty, system continuity, and 
service to the disadvantaged. Other criteria that may be considered include: 

- Usefulness in correctin~ existing problems 
- Service Provided 
- Enhancement of functional systems 

I ntegra ti on of improvement int:-> exi st i no sys terr 
- Effect on land use devel opment ~ 
- Consistancy of annual expenditures 
- Coord ~nati on with other urban programs 
- Degree of importance of right of way acquisition 

When considering short rang~ 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 list of priority planning facto r s does create a probl em for 
the transportation planner in determining the combined effect of all 
pertinent factors on the priorHy rating o+ an individual facility. For 
example. the transportation r lanner, given five proposed facilities , could 
quantify and rank the 1 ink that maxi mizes the reduction in travel cost or 
some other pertinent factor by includinq each lin k, one at a time, in a 
traffic assignment analysis and quantifying the indiviclual 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 
al low for the combined effect on the priori ty rating of more than one factor; 
e.g., travel cost and safety. In addition, it 1vould not cons ider t l·,e 
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 t han one 
factor and factors of varying importance. 

One approach which has been appli ed to develo!)inc;r a priority implementat i on 
program is to develop a computer program capable of evaluating hundreds of 
links each containing priority ratings for up to 20 pertinent fa ctors 
simultaneously (45). The approach i s generally as follows: 

Link 

- A set of factors considered pertinent is selected. Some of these 
factors represent typical planning process output; e.g., vo lume, 
capacity, user cost , etc. Others represent typical sufficiency 
type data; e.g. , life of structure, life 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 link in the transportation system is then quantified in 
terms of the selected factors. The quantifica t ion is expressed 
in terms of ratings, for exampl e: 

Factor 

Life of Structure 

Life of Pavement 

Time 

Safety 

(Etc. ) 

(Similarly) 

122 

Scale Used 

0-30 

0-20 

0-10 

0-7 00 

Ratinq Assfoned 

10 

15 

53 



For example, the life 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 priority ~lanning data are then input to a computer 
program that has the capability of converting al l ratings 
to a common base (different scales were employed for user
ease of operatior.), rrocessin0 all links and generati ng a 
table of priority ratinos; e .n., 

Priority 
Rank Li nk Rat i na 

A1 - 81 3.92 

2 A2 - B2 3.86 

n A -n B 3. 01 n 

Other runs are made to account for varying imf)ortance of 
individual factors . For exampl e, safety could receive a 
weighting value of 4.00 while ot her factors were held to l .00. 
Out~ut similar to that shown a~ove i s ger.erated except t hat 
the priority rating no~1 reoresents a weigh ted va l ue. Th~s 
program capability also allows for sensivi-t:y type analyses; 
e.g. , what impact does rloubling the effect of community 
disruption have on the implementation sequence? Community 
disruotion miQht be measured in terms of number of families and 
business establisl-iments moved due to a r. ew proj ect. :n practi ce , 
the weighting factors should be developed to be consistent with 
and representative of the qoals of the study. 

The t echnique described above is but one that has been employed . It 1>1as us ed 
as an example because .it has proven satisfactory, is computerized, and accounts 
for such things as weighting and semi -quantifiab l e factors. 

Once a plan has been selected , a priority planning schedule usinq a scheme 
similar to that described above should be established to al l ow phasin~ of 
construction. As suming a 20 year plan, it 1-muld be desirable to determine 
those facilities to be constructed over shorter time periods, perha ps 
considering 5-7 year increments. This can be based on short ran~e forecasts . 
"The Developing Future Sys tems" section of this Chapter describes some methods 
of developing long range plans and short range subsets within the long range 
plan. Obviously the dollar availa bili ty for impl ementing portions of the plan 
must be establi shed for each increment. If fac ili ties are listed in order of 
priority, along with their implementa tion 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 i n 
order of priority es tablis hed and determi ne facilit ies to be built in each 
period depending upon funding availability. This procedure ass umes the plan 
will actually be completely built. However, the process is not strai ghtforward. 
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 priori ty order 
might not be the most desirable to impl ement first i f the projects 6-25 are 
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not in place. The priority schedule is dependent upon a total system. An 
approac h to overcome this difficulty mi ght be as follows. Assuming a target 
year plan, projects are grouped considering factors such as continuity of route, 
serving of special objectives and goals, the results of the pr ior i ty ranking 
system, funding available, etc., into some smaller group of pro9ram modules 
(i.e., less than 5). Traffic assi gnments are made to combinations of these 
modules being in place and the ranking system is then utilized to detennine 
a priority planning scheme between modules. 

The following example illustrates this approach. Assume a t arget year plan 
consists of the 25 projects listed in the Table IV-2. 

TABLE IV - 2 

PRIORITY RANKING EXAMPLE 

CONTINUITY CONTINUITY 
Lfal( i!J:..TI i•ir: ~~/.\; l I~ OF ROUTE U t; K nn1 :1r. l"')(l '.·11' OF ROUTE 

.•• . , j ,\ 

100-1 01 8 • . 1 p S'SR- 911') t,. 3 13 J 

101-1 02 7 ~ 
• ✓ 2 HFJ3- ,,61 4. ·., 1~ [ 

236- 52() 7.8 3 I" ~,02- 0n3 3 t", l S r: •' • •-' 

831-833 7. 5 4 C ~r 3-"G~- 3.F 1 r. r 

102-1 03 7. 0 :; ·'\. 964- ?05 3.2 17 f 

833- 834 G. 5 6 C ':1 'J- ~122 3 , 7 18 ri 

834- 835 r n 
O , L 7 C 9?.2- '.Wl 2, ? 1~ ·, I, 

835- 836 G.0 8 C 940- '.)41 2.7 20 n 

529- 53:J 5.3 9 r-.., ~41- 911, 2 2.3 21 D 

530- 531 5. 2 10 r 
;,_1 421-422 2.0 22 F 

531-532 5. l 11 B 422- 423 1 • 9 23 F 

1 U3- 104 4.7 12 !\ 423-424 1.8 24 r 

424- 425 1. 7 25 F 

_124 



The rating would result from a priority ranking system as described 
previously. This would establish 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 

A 

B 

C 

D 

E 

F 

AVERAGE RATING 

6.9 

6.0 

6.5 

3.0 

3.9 

l.8 

$ COST 

$ 8,067,000 

14,622,000 

6,037,000 

8,230,000 

4,800,000 

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 

A + C 

B 

D + E 

F 

$ COST 

$14,104,000 

14,622,000 

13,030,000 

6,200,000 

In grouping modules, one should strive to maintain high priority ratings. To 
group module A with F ($14,267,000) would result in a lower rating than if A 
was grouped 11ith 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 infonnation should be sufficient for the recomnendation 
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 intennediate year to detennine priority .on a shorter forecast basis. 
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i ncremen
ta 1 plans 

small-area 
analysis 

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 prograrnned 
for the first period. It may well be that volumes in the intermediate year 
will be greater than shown for the target 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 t he 
entire system is ever constructed. Others argue that the programmed 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 follov1s. 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 
alternate transportation systems. 
information on sub-area study and 
of design volumes. 

Sub-Area Study, Corridor Analysis 

discussed the development and test in9 of 
The remainder of this section will provide 

corridor analysis as well as the development 

There appears to be increased interest in and application of traffic assi gnment 
techniques to detailed analysis of specific network and related problems. This 
has resulted from a change in emphasis from plan development to t he 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 strong impetus 
to such detailed analysis. Assignment techniques applied on a small area basis 
provide a host of study possibilities. The followinq areas of application have 
been used in the field : 

- Evaluation of the ability of a local arterial system to handle 
freeway ramp discharqes. 

- Examination of transportation demands resulting from the redevelop
ment or rezoning of areas within a city. 
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DEVELOP 
FUTURE SYSTEMS 

TEST 
ALTERNATE 

PLANS 

CONTINUING 
STUDY REAPPRAISAL 

(1) 20 YEAR PLAN 

(2) ASSIGN 5 YEAR TRIP TABLE TO EXISTING+ 
COMMITTED SYSTEMS 

TEST ALTERNATES FROM 20 YEAR PLAN 

5 YEAR CONSTRUCTION SCHEDULE 

(3) ASSIGN 10 YEAR TRIP TABLE TOE XISTING+ 
COMMITTED + 5 YEAR PLAN 

TEST ALTERNATES FROM 20 YEAR PLAN 

10 YEAR CONSTRUCTION SCHEDULE 

(4) ASSIGN 15 YEAR TRIP TABLE TOE 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 of 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 design. 
- 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 assignments. 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 changing 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 local 
applications through providing data, computer support, and technical know-how. 

Chapter III, pages 73-83, Zone Network-Relationships, provides some background 
relative to zoning and network selection for deta iled area study. 

In application in one regional study, sub-regional studies are generally based 
upon a 3 or 4 to l increase in the number of zones and correspondin~ increase in 
network links. The detailed area network usually includes all arterial streets 
and most collectors, but generally few local streets. It is estimated in this 
particular study area that approximately 25% of the total street system is coded 
for tne regionwide assignments and about 60% i s coded for sub-regional assi gnments. 

In most current studies trip characteristics for the subdivided zones and trip 
distributions are obtained in the two followin g ways: 
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- Large-zone data, used for trip generation, are either forecast 
for the smaller zones maintaining the large zone total as a 
control or the large zone data are allocated directly to the 
smaller zones. The trips are generated for the smaller zones 
using trip generation formulations. The distribution model 
is then rerun to obtain the trip matrix for assignment purposes 
on the smal ler zone basis; or, 

- After the future trip generation for the subdivided zones is 
determined, the proportion each subarea is of the regional zones 
is determined and a factoring of the tri p matrix is accomplished. 
This is usually accomplished as shown in Figure IV-5 for a 3 
zone system. Matrix A shows trips between the re~ion-sized 

smal l 
are'"atri p 
allocatio1 

zones 1 through 3 . Matrix B shows the trip ends surrrned for these 
zones. The calculation of trios 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 prorortion of trip 
ends each new zone is of its old lar~er zone . This computation 
can also be carried out using separate calculations for each 
zone for product i ons and attractions , or origins and destinations, 
rather than trip ends. 

In additi on to the application of more tradi tional approaches to sub-area 
study and corridor analysis, other special ly deve l oped techni ques for these micro 
applications are being used . An interestin9 application of the Creighton- assfanr.ien~ 
Hamburg Incorporated Micro-Assignment technique described in Chapter II has been 
undertaken in the Pittsburgh Area . Micro-assignment of traffic is accompl ished 
in the central business district (Golden Trianqle) and the north side. To 
obtain an accurate simulation in these areas, the micro area cordon line is 
extended to inc 1 ude some area between t he Monongahe 1 a and A 11 egheny Rivers to 
the east of t he CBD , some residential areas in the north side, and a strip of 
the south hi 11 s 1 ead i ng into the CBD. 

The Micro- assignment procedure is first used to s imulate 1967 traffic flows 
in the CBD . Since the Southwestern Pennsyl va nia Reg i onal Planning Commission 
has travel data for that neri od , it is possibl e 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- assi nnment 
is also used for testing and planning a v1ide var i ety of TOPICS improvement 
projects. These include parking restricti ons, channelization, s ignal settinos , 
intersection design, and one way street systems . 

The types of projects being evaluated ~Jith the micro-method include: 
- One-way street pattern in CBD. 

Impact of opening of U. S. Steel buildin9 on Oriains and Destinations 
in t he CBD . 

- Evaluate effect of Three Rivers Stadium on traffic f l ow . 
- Optimum bus network 
- Evaluate proposed convention center sites. 
- Ramp location and design. 
- Best location for pa r ki ng facilities . 
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design 
volumes 
from 
'a'ssTgnmen t 

peak hour 
volumes 

The Southwestern Pennsylvania Regional Planning Corrmission views Micro 
Assignment as a design tool to be used on a short range basis and not as 
a longer range planning tool. 

' Development of Design Volumes 

It would appear from discuss ions 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 usua l ly made to peak periods specifically (sometimes 
only work trips are considered) to provide information for system des i9n . 
Although those applying traffic assignment techniques believe the basic 
applicability is for location planning, priority plannin~, etc., there is 
considerable use of the results of traffic assignment for design 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 tailorin9 of factors to specific network sections 
and the group (i.e., planners, designers, etc.) developing the desi gn 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 i s 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 shou ld produce the design volumes since they are most 
familiar with the basis of the data from which the desi gn hourly volumes are 
developed. In any case, there must be close cooperation between the desi gn and 
planning people. The belief that traffic assignment volumes are onl y useful 
for planning purposes and that their subsequent use for des ign is not necessarily 
of concern is not entirely correct. It apoears 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 tabl e 
similar to Table IV-3 might be constructed. 

TABLE IV-3 
AREA TYPE 

Surround- Outer Inner Outer CBD ,ng 
City Sub Sub Frinqe 

K D K D K D K D K D - - - - - - - - - -Freeways 
Expressways 
Other Arterials 
Major Collectors 

... -

Other \'JOrk which may provide useful information on Kand D factors was undertaken 
for the Federal Highway Administration as part of their TRANS Model Wor k described 
previously in this document (46). 

The importance of accuracy in the application of factors may be i llustrated 
by Table IV-4. The table assumes an assigned total daily traffic of 125,000. 
The variation in the number of lanes required assuming various values of the 
peak-hour and directional factors is from 3 lanes to 5 lanes. This is based 
upon what might appear to be small variations in the factors . If a 10% peak 
hour factor and .55 directional factor i s 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 i s presented to illustrate the necessity fo r care in the development 
of peak hour and directional factors, since rather small variations i n 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 i n the HRB publication Data Requirements fo r 
Metropolitan Trans portation Planning (34). 

effect 
of vari -
ati on ,n 
K & b 

Some us ing 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 adj unct to the 
developmen t of factors by fac ility and area type or as a separate analysis. 

development 
of k & D 
factors One such process will be described below: 

STEP 1 - Fami 1 i arity with the area of the proposed faci 1 i ty or improvement 
is obtained by a review of land use and trip generation 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 lV-4 

EXAMPLE OF VARIATIONS IN PEAK HOUR & DIRECTIONAL FACTORS 

TOTAL PK-HOUR DIRECTIONAL PEAK-HOUR NUMBER OF LANES. 
DAILY FACTOR FACTOR DIRECTIONAL @ 1800 CAPAC ITV 
TRAVEL {K) {D) VOLUME ( 1 DIRECTIONl 

Calculated Rounded 
125,000 8 .55 5500 3.0 3 

125,000 9 .55 6187 3.4 4 

125,000 10 .55 6875 3.8 4 

125,000 11 ,55 7562 4.2 5 

125,000 12 .55 8250 4.6 5 

125,000 8 . 60 6000 3.3 4 

125,000 9 . 60 6750 3.7 4 

125,000 10 .60 7500 4.2 5 

125,000 11 . 60 8250 4.6 5 

125,000 12 .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 land use changes estimated are reviewed. 

STEP 6 - A corridor is established surrounding the facility being handled 
and cutlines are pla ced across the corridor. Traffic assi gnment 
volumes are then examined for their distribution between fac i lities 
in the corridor. Adjustments are made between fac i lities 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 
relationsh ips 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 l1igh volumes and that left turn lanes did not affect through traffic. 
Both graphical and statistical analyses were applied to obta in the relationships. 
The results obtained by a linear regression analysis are shown in Tabl e IV-5 
and Figure rv-6. 
The second approach to develop design volumes, that of developing and assigning 
peak-hour trips, has been used only to a limi ted extent. Th is is probably 
based upon the heavy concentration by urban transportation planners 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 
studies, transit patronage models, etc. In these type ana lyses , the unit 
most often used to measure traffic is average daily traffic . As ment i oned 
previously, in addition to providing ADT estimates , the need for providing peak
hour traffic for design purposes is apparent. This function i s becomming 
increasingly important as transportation agencies proceed viith the cont i nuing 
effort of the urban transportation process and concentrate more on service 
functions.to others and on performing speci al 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 desi9n 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 operati on 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 
des ign hour capacities to represent daily capacities. Generally, 
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TABLE IV-5 

EXAMPLE OF RELATIONSHIP BETWEEN ADT AND PEAK HOUR 
Source: 

NO. OF LANES 
( ONE DIRE CTI ON) 

2 

2 

3 

3 

4 

2+3+4 

2+3+4 

2+3+4 

California Division of Highways 

LIMITS OF 
ADT 

0-9.9 

10.0-20+ 

0-12.9 

13-20+ 

0-20+ 

1-6.9 

7-12.9 

13-20+ 

EQUATION CORR. COEF. 

y=.097X + 142 • 77 

y=.077X + 202 .73 

y=.075X + 380 • 71 

y=.021X + 241 .24 

y=,059X + 612 • 72 

y=. llOX + 87 • 76 

y=. 069,X + 13 .45 

y=.052X + 670 .65 

Where: y= peak flow 
x= ADT 

This type of analysis was extended to nroduce the type of chart 

shown in Figure IV- 6 • 
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170 

179 

200 

228 

319 

125 

213 
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peak-hour 
models 
based 
on census 
data 

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 necess ity for applying peak-hour and 
directional factors. 

The ava ilability 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 prima ry 
work trip. These data are being coded to block faces and will be aggrega ted 
by traffic zone, The FHWI\ in cooperation with the Census Bureau has developed 
computer programs to produce tabul ctions 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 1~oul d aid in the continuing task of updating the base year transpor
tation plan, In addition, peak-hour traffic models wil l 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 
follov1ing approaches are being evaluated: 

(l) Census journey-to-1-1ork data is prepared in trip table format and 
this trip table assigned to the comp1Jterized netv1ork, 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 link from the peak period 
trips using factors developed for FHl~A by Peat, Marwick, and Mitchell (46), 
These factors are stratifi ed by functional class, area type, and orientation 
of facil ity and should influence the categories set up in the previous step 
where the relationship between pririary 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 functiona l cla ss and by area. The resulting factors are 
applied on a l in k 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 t he 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 rati o 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 forecas t using the relationships previously 
developed, The resulting factors a re then applied to the l 970 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 shoppi ng trips to the central business district pea k 
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 determining 
developed by trip distribution models such as the gravity model. The factors the peak 
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 t rip. 
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 st~rt-time, mid-point 
time, or end time of a trip assumes that the trip occurs whol ly 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 i ndicated 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, Table 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 wor k). For example, 
assume that a 24 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 i t does not replace the 
need for total daily ·assignment procedures. Part of the increased cost results 
from the additional data required. For example, l i nk 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 s ignal cycling, turning 
movements, etc. These same factors also provide some of the advantages listed 
previously. Peak-hour traffic assignments are also more expensive in tenns of 
computer time and the effort involved in the evaluation of results. Forecasting 
is more tin~e consuming and peak networ k~ must be calibrated as well as the total 
daily assignment network. 

139 



TABLE IV-6 

TRIPS IN MOTION CONCEPT 

TIME HIP ADDED TP1E TRIP Jl.DDF.D 

6.9-7.9 No 7. 8-8.8 Yes 

7.0-8.0 No 7.9-8.9 II 

7 .1-8.1 Yes 8. 0-9.0 II 

7.2-8.2 II 8.1-9.l II 

7.3-8.3 II 8.2-9.2 II 

7.4-8.4 II 8.3-9.3 II 

7.5-8.5 II 8.4-9.4 II 

7.6-8.6 II 8.5-9.5 No 

7.7-8.7 II 8. 6- 9.6 Ne, 
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TABLE IV-7 

Final Factors for Converting 
24-Hour Trips to Peak Hour 

Washington, D.C. 

(47) 
Trip Purpose Directional A.M. 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 o. 563036 0.00064 0.11959 

Home - School 0.489759 0.47620 0. 00804 

School - Home 0.510241 0.00022 0.07478 

fion 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 
on the rural highway system and large amounts of data on the rural systems 
were collected, the application of computerized systemwide planning on a 
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 ~tudies 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. 
These models are generally based upon the techniques developed for urban area 
transportation planning which are trip generation, trip distribution, and 
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 less population were grouped 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. Hi ghway link distances were obtained from 
highway logs (to 0.1 mile) and link speeds f rom highway sufficiency ratings (to 
l 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 v1as 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 mi les of county, 
to1-m, and other facilities for the base year. The state was subdivided into 
570 zones, with areas external to l~isconsin 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 und er 1000 population. Zones 
confonned generally to township lines and are aggregatable to counties. 

The network was based uron those routes logically connecting zone centroids 
making sure that all roads designated as st ate trunk were included . Next, 
every rural highway with a 1960 ADT greater than 300 was added. As a final 
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 look at a wide variety 
of ideas. The results of the study include the development of a 1990 State 
High1vay Plan which for implementation was refined into a Free1-1ay-Expressway 

statewide 
studies 

plan, development of access type and spacing criteria, critical corridor studies , 
and proposed legislation on future right of way. 

Rhode Island has underta ken 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 pl aced 
at the boundaries of towns so mileages can be accumulated by towns. The 1970 
coITTTiitted system was used for the assignment of all future trips. Vol ume 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. All 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 particul ar 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, resultin9 in 
the detail required for urbanized area study vlithin 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, "M ichigan's State\vide Traffic Forecasting Model, Volume 
III, Multi-level Highway Network Generator Segnental 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. Us ing 
th is 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 link level edit program which will 
combine and renumber links and nodes from several states or a state and its 
urban areas. The level of network coarseness can be specified according to 
five definitions of level, as follows: 

Degree of Link Classes 
Included 

General Size 
of Zones Network Detail (Level) 

2 

3 

4 

5 

1-2 

l-3 

1-4 

1-5 

State 

~~SA & Rural Equivalent 

County 

Township, under 1000 zones 

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 codino instructions 
will be used. A column for link level i s listed for those states -that wish to 
code their network level at the beginning, and for coding the centro id 
connectors which have no administrative or functional class ification. The 
centroid connector mus t be coded through the network at a given link level. For 
example, a State centroid connector would have to be coded through the network 
at level one until it reached a poi nt of connection with an Interstate lin k, 
since according to the coding fon11at both a State centroid and the Interstate 
network are level one. Presently the program uses a separate set of centroid 
connectors for each level of network. 

Networks of varying detail may be combined according to the user's specifications; 
for example: 

- A national group migh t use the level one network consistinq of the 
interstate network and the State centroids, or l evel two network, 
consisting of the 490 i nternal zones described in the next section, 
in a nationwide assianment. 

- A na tiona l or regional group might use t he level three network and 
county centroids for an assignment. 

- State A, in undertaking a statewide transportation study, could 
use a level four or five network f or its own area, and combine 
this with a level two or three network for adj a cent States and a 
level one network for the remaining States. 

- An urban group could use its urban net1t1ork, if coded in S360 
format, in combination with a Statewide network for an assignment. 

The TTI program has the capabil ity of handling duplicate node and centroid 
numbers in adjacent States or urban areas. Both the Michigan and the TTI programs 
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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 ass ionment techniques 
are util ized, have considered only hi ghway networks. Some work has been 
accomplished in the assignment of coITTTiodities as well as persons t o t hese highway 
networks. Most statewide assignments have been accomplished with an all-or
nothing technique, with little belief in the usefulnes s of capacity restraint 
techniques on a state bas is . 

There are two general approaches to zoning. One approach i s to zone the 
state with each urban area represented by a sin0le loading centroid. In 
effect, the gaps between urban area studies is considered the statewide network. 
Th i s approach is useful for descri bi ng large urban areas or. the periphery of 
the state. The second approach is to forget urban area boundaries and develop 
zones for t he entire state. This approach gives be ~ter traffic assignment s 

s t ate·,1ide on routes into the urban areas. The network l evel coded is used for t he 
urban as well as non-urban portions of t he state. Natural ly, only the 
important through routes are inc l uded through urban areas. The urban areas zon in5 
would be subdivided into zones whose size would depend upon t he analysis t o be 
accomplished. For example, Con necticut has a statewi de zone and networ k 
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 illustrati ng 
this approach in Pennsylvania. 

Some general ideas that may be considered in desi gn ing a statewide network 
and zones are l isted below: 

- The zones ~n the rural and urban area portions of t he state should 
be of a similar s ize. For example, if township size zones are 
used in the rural areas, urban sectors and the CBD are corres pond-
ing sized areas for urtan areas. Where the state used detailed network 
zones, say over 1500 state1·Jide zones , the sta t ev!ide study urban zone . 
zone is a comb'ination of up to six urban study zones. develo _ 

- As a general ~ule of thumb, the st~tewide ne~wor~ should be able rr.ent P 
to reflect trip lengths over 5-6 m11 e·s. nat1onw1de , based on the--
1969 National Personal Transportation Study (53 ). , for example, 
45.6% of the trips made are over 5 miles in l ength and account for 
88 . 9% of VMT for joth urban and rural areas . 37.3% of trips 
are areater than 6 miles in lenoth and account for 84.2% of total 
VMT. - This trip length is consistent with use of tovrnships, v!hich 
average in many states about 36 square miles (6 x G). 
For statewide planning networks a minimum of 10 - 15% of all mi les 
of system should be in the assignment network. The networK should 
include all in terstate and non- interstate principal arterials 
and minor arterials, and those collec t ors necessary to provide good 
system interconnectivity. 

- From the experience of practi oners, the use of turn penalti es of 
less than l minute duration does not appear to affect assignment 
results to any noticeable ex tent . Since the use of penalties 
of greater than l minute does not generally appear realis tic , turn 
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net:,,.ork-

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, link class, type of facility, rural vs urban section, 
access control and/or spacing, route number. 

zone 
aeve'loprnent 

- There appears to be no advantage to coding detailed interchange 
design for a statewide network except when detailect study is to 
be made of a specific corridor for l ocation 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 will ing 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 link 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 
infonnation conta i ned herein has been extracted from Mr. Hazen's work. 
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TA13LE IV-8 

SUMMARY OF STATEWIDE ASS IGNMENT NETWORKS AND ZONING 
Land Area Type of 

Year of State Population Total Miles Total Mi les System Number of 
STATE Started (000 Sq. Miles) 1960 1970 (Base Year) of Network Included Zones Zone 

(000) (000) in Net Internal External Description 

IOWA 1963 56 2757 2825 112029 10221 Interstate 855 72 Townships or 
State Primary Groups with 
Selected County >150 Population 

WIS.f;ONSIN 1964 55 3952 4417 99869 14484 Interstate 570 73 Townships with 
State Trunk )1000 Population 
County, Town, 
other 

RHODE ISLAND 1964 l 860 949 4380 1600 Interstate 497 53 Grouos of 
Federal Aid Prim. Enumeration 
Other State Districts 
Routes 

I-' 
+" CONNECTICUT 1963 5 2500 3032 17274 9100 State System 1725 52 Groups of \0 

All Exoressways Enumeration 
and Arterials Di stricts 

ILLINOIS 1966 56 10081 11113 128389 11000 Rural Freeways, 526 0 Townships 
Ma.ior Hwys , & 
area service 
routes 

MICHIGAN 1964 57 7823 8875 112912 e 10000( l) State Trunk Sys. 510(1) 29(1) (l) Groups of 
e 20000(2) All Arterials & 2 300 ( 2 ) l 00 ( 2) Townships 

Some Collectors (2) Every lown-
ship. 4 Urb.= 
l State 

MISSOURI 1964 69 4320 4677 114012 9000 Hwys. ) 500 ADT. 536 137 Groups of 
& Major Rural Townshios 
Hwy . Systems 

PENNA. 1962 45 11319 11793 109908 8871(1) Corridor Hwys. 149 31 (1) Parts of 
12000(2) ASF Class 1-5 1600 Counties. 

ADT > 500 Townships and 
Cities 500 Pon . 



TABLE fV-8 C0ntinued 

MINNESOTA 1966 80 3413 3805 126385 e 8000 Trunk Hwy. 1906 100 Townships or 
System City with Pao. 

2500 

ARIZONA 1965 114 1302 1772 39087 8094 U. S. Numbered 144 30 Based on 
Princioal Population 
Arteri al s 

CALIFORNIA 1969 157 16717 19953 162223 20383 State Hwys . 1443 45 Rural MCD ' s & 
System 4 Urban"'l State 

TENN. 1967 42 3567 3924 771 82 elOOOO Arterials & Census Ccunty 
Some Collectors 535 150 Divisions 

NEW YORK 1967 48 16782 18237 102292 el4000 Interstate , 
expressway touring Groups of 
route system 640 e42 Townships 

W. VIRGIN IA 1967 24 1860 1744 35700 el2000 Int. State Primary 778 unknown Groups of 
County Di stricts 

I-' 
69071 12000 IntJ Principal, 663 unknown Census County Div. Vl KENTUCKY 1970 40 3038 3219 

0 Minor Arterials Spec. Generat ion 
with 5000 veh . 
trips/day 

!NEBRASKA 1970 76 1411 1483 100, 445 9730 Int., Primary 881 unknowr. Groups of 
Townships 

WYOM-ING 1967 97 332 330 78461 e6000 Int. , Primary e200 unknown Census County Div. 

DELAWARE 1967 2 446 548 4826 e2000 State Primary un known 
and Secondary 205 Combined grids 

outs ide Wilmington 

GEORGIA 1969 58 3943 4589 99995 e6000 Spiderweb el58 unknown County 
Connecting 

e "' estimated 
County Centroids 

t l ) = where mo re than 1 
(2) = Network Developed 



An interesting and useful technique for dealing with traffic diversion to and 
from toll facilities has been deveJoped 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 tradit i onal approach requiring simi lar 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 lie 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 StatevJide 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 cons ists 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 mi nimum path 
calculation is a two part process where minimum travel time is first calculated 
from an origin zone to all other zones (including durmiy 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 t~avel 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 develoJlllent, testing, evaluation and priority 
planning pertains in statewide study. In addition, corridor nnalysis 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 transportation planning purposes by the U. S. Department of Transporta
tion. The work has been accomplished for person travel as well as goods 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 level 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 
infonnation should prove valuable to those contemplat ing 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 
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 pennits investigation 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 quest i on of local access and 
delivery are poorly handled as well as are intennodal 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 wor k of the Department of Transportation. 

The zonal system established for both person and freight assi gnments 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 

152 



into the mode 
assignment to 
the network. 
developed. 

choice model utilized. The network is also used in traffic 
route the simulated movements over the optimal paths in 
Figures IV-9 and IV-10 show the highway and rail networks 

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 links have distance and operating speed coded. The 
speeds are regionally based reflecting the slightly higher average speeds on 
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 link has coded its physical type (i.e., freeway, 4 lane divided, etc.) 
and a separate code describing t.he type of terrain (speed category) through 
which the lin k passes. These parameters are used in a table look up to define 
the operating speed on the link. 

The railroad network has coded the number of tracks and type of signal system 

nationwide 
networks 

as well as the name of the railroad. These can be used for capacity calculations 
for the rail links. In 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 in land river 
system, the intra coastal system, and the Great Lakes parallel those described 
for railroads and highways. The links include an average operating speed 
(coded by direction where currents prevail) and distance. The delays associated 
with locks are accounted for in the overall link speed. 

The petroleum pipeline network is highly abstract and incluoes flow speeds and 
distances over · the individual links. 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 linear function of the straight line distance between 
them. Access times to t he 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 above five ton shipments. These eight 
trip tables are developed from four trip tables which describe total interzonal 
freight flows (regardless of shipment size) by coomodity group. Information 
on intercity railroad freight shipments has been one of the more accessible and 
directly usable resources. The Interstate Conmerce Conmission has collected 
a one percent sample of rail waybills each year. The file for 1965 was manipulated 
into a form compatible vJith 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 \vas 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 conmodity groups. The assumptions, generalizations, and 
obvious weaknesses in this process do not require elaboration as they are large 
fn 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 corrm,erce. 
This infonnation was obtained in cooperation with the U. S. Corps of 
Engineers who collect infonnation 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 co111T1odity groupings 
described yielding the four trip tables desired. These are factored to represent 
1967 conditions. 

There is scarce Origin-destination infonnation relative to the flow of crude 
petroleum and petroleum products carried by the extensive i:;ipel'ine 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 beb,een five 
regions of the country, from the American Petroleum Institute. An approximating 
approach based upon a linear progra111T1ing solution where the solution vector is 
a set of est imated flows on the pipeline system was applied. This yields zone 
to zone flows directly that satisfy the aggregate 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. 
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CHAPTCR V 
PRODUCTS OF THE ASSIGNMENT PROCESS 

The purpose of this ~hapter is to descr ibe 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 tha L the traffic assignment procedure being 
used has been calibrated and that the evaluation techniques and statistical 
measures presented are arplied after a suitably calibrated network has been 
obtained. The calibration process has been discussed previous ·1y. 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 l i nk 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 ttiese checks are made. 

The ability of asiignment techniques to reflect reality is qenerally accomplished 
by comparing assignments made with the most accurate travel information available 
torigin destination triptables) against the best estimates of actual traffic 
volumes on the assignment network. It is most important tt1at the sources of 
error in both the base being used for checking tground counts) and the travel 
estimates used as input to the assignment technique be known as accurately as 
rossible. · 

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 link values) assi~nment-
Vehicle miles of travel checks by facility type and/or area chec s 
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 mos t critical check of assignment results would be comparisons 
of assigned volumes with ground counts on individual l ink 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 less detailed check results in suITJTiarizing counts by facility type and 
developing vehicle miles of travel by fac ility type from both assignment 
results and counts. In addition, a geographic distribution of these suITJTiaries 
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 arteria ls , 
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 c i ty, outer city, inner 
suburbs, outer suburbs; 2) Rings. sectors. Checks may be made across segments 
of gridlines where assignment volumes are su11111ed and compared with the suITJTiation 
of ground counts . This check is similar to corridor che~ks 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 checkinci. 
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 limit. 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 assi gnment 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 l ink 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 loading 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 t he 0-0 survey trips or errors in the 
distri bution model trips used for assignment. A set of curves 
that can be used to estimate the error in 0-0 survey trips is 
shown in Figure V-1. 
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UNIT SAMPLE RATES (58) 
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Use of the same n~twork 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: 

statistical 
measures 
for assign
ment checks 

l. 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. 

2. A comparison of total vehicle miles of travel (VMT) from 
ground counts to vehicle miles of travel from the assignment 
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 fac1 l ity 
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 aggregatioD, 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 roo~mean-square (RMS) errors comparing ground 
counts and assigned volumes by link 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= J ~i(Xgc-Xta) 2 
N-1 

where: Xgc= ground count on Link Li 

Xta= Volume assigned to Link Li 

N Total number of links in aggregation 
group 

= l through N 

The root-mean square error measures the deviation between two 
distributions, in tliis 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 - CD 

® TOTAL MEASURED VOLUME 1,777,278 
Q) TOTAL ASSIGNED VOLUME 1,515,252 

@ AVERAGE PERCENT ERROR IN ASSIGNED VOLUME -14. 7 
G) @ (j) @ 

(2) 
(3) 
(4) 

VOL GROUP NO. SECTS AV COUNT AVE DIFF 
00-1./2 2 436 + 718 
1/2-01 3 686 + 333 
01-02 9 1,786 - 147 
02-03 11 2, 512 - 1,000 
03-05 22 3,876 - 1,002 
05-10 56 7,318 - 1, 501 
10-15 25 11,840 - 589 
15-20 24 17,501 - 1,090 
2.0-25" 5 22 , 561 - 3,867 
25-30 c 27 ,407 - 11 , 775 
JO-up 10 35,186 - 6,230 
TOTAL 169 10,516 - 1,550 

S>umrnation of Ground Counts by Link 
,Summation o'f Assignment Volumes by Link 
1,515,252 _ 100=-14.7 
1-,777 ,278 
An Aggregation Level 
Humber of Se~tions in Volume Group 
Average Grourtd Count in A9qregation Level. 

ERROR BREAK~N, 
(2) 10 

LATES&P'OA,DING 
© 

STAN DEV PC STAN DEV PC OF TOTAL WEIGHTED 
189 43 . 3 .o .o 
303 44.1 .1 .o 

1,054 59. 0 . 9 . 5 
1,897 75 . 5 1.6 1. 2 
2, 502 64.5 4.8 3.0 
3,948 53. 9 23. 1 12 .4 
3,618 30. 5 16. 7 5.0 
6,136 35. 0 23.6 8.2 
6,621 29 . 3 6. 3 1.8 

16,672 60.8 3.t 1 ;8 
11 ,964 34. 0 19.g 6-.7 
L~,846 46 .o 100.rr 40.6 (13) 

(i) 
(6) 
(7) 
(8) 
(9) 

Amount Average Assigned Volume is 9reater than averaoe Ground Count. 
The Standard deviation of the difference between the averaae Gr0und Count and t he averaqe assioned volume. 

For the volume group 0-500, t he v~lue 189 for the Standard deviation ~eans that t he. average difference 
between the average ground count and the avera0e assi9ned volume falls between 71 8+ 189 , two thirds 

( l O) 

( 11) 

( 12) 
( 13) 

of the ti me. -
Standard deviation divided by the average 0round count . 

The percent the summation of oround counts l'lithi n a row is of the tota 1 counts on 
in volume group 10000-1 5000 , t~is value i s (25Xll,840)/l ,777,278=16.7% 

Percent standard deviation mu lti pliec hy the percent of total. 
Summation of individual v1eioht of errors . 

TABLE V-1 

ER~OR MEASURES USED FOR CHECKING ASSIGN~EN~ RESULTS. (51) 

a 11 links. ::or examole 



VMT 

cutlines 

RMSE 

5. A graphic comrarison of ground counts versus assigned volumes. 
The type of measures and checks made can be summarized to various 
levels of aggregation, i ncluding: 
- 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 mi les 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 O. There 
is greater variation in comparisons by ring. 

Table V-3 compares assigned VMT to actual VMT by ring and link 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). l~ithin 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 assi gnment results is to compare actual volumes 
without conversion to VMT. The State of Ohio has developed a set of comparisons 
~ade for most of their studies. Table V-4 shows comparisons of lin k 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 link basis 
utilizing the root-mean-square analysis for providing summary statistics (see 
Tabl e 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 exam,:iles 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 0-0 survey accuracy shown in Figure V-1. Comparison of the% RMS 
error from the assignment check with that inherent in the 0-0 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 
Base 

Total 

Functional Link 
Type*** 

Freeway 
Expressway 
Major Arterial 
Minor Arterial 
Turnpike 

TOTAL 

Sectors 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Ring 

0 
1 
2 
3 
4 
5 
6 
7 

*Without local streets. 

Assigned 
VMT 

20,553,451* 

2,888,517 
352,054 

11,168,722 
4,736,582 

786,120 

19,931,995 

510,393 
3,148,349 
2,473,738 
1,572,544 
1,239,061 
1,207,450 
2,425,138 
2,299,521 
2,868,561 
3,747,262 

510,393 
879,348 

2,036,491 
3,953,780 
5,090,091 
4,016,004 
4,329,138 

676,772 

**Without through turnpike volumes. 

Count 
VMT 

20,811, 723** 

2,530,271 
352,574 

11,325,109 
6,024,145 

498,019 

20,730,568 

661,211 
2,870,654 
2,296,925 
1,494,307 
1,116,836 
1,308,517 
2,674,391 
2,369,412 
2,951,384 
3,484,310 

661,221 
999,434 

1,946,666 
3,527,085 
4,211,411 
4,014,294 
5,004,303 

863,543 

Percent of 
Control Total 

98.8 

114.1 
99.9 
98.6 
78.6 

157.8 

96.1 

77 .2 
109.7 
107.7 
105.2 
110.9 

92.3 
90.7 
97.1 
97.2 

107.5 

77. 2 
88.0 

104.6 
112.1 
120.9 
100.0 
86.5 
78.4 

***Ramps and special facilities are not included. Differenc~s 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-



TABLE V-3 

TRAFFIC ASSIG NM ENT COMPARISO NS BY RING 

Primary Arterial Secondary Arterial Rnmhs Tnt"ll 
Ring Counts Assign. % Di ff. Counts Ass ion. % Diff. Counts tl.ssicm. % 8iff. Counts Ass i r,n . % Diff. 

0 1136 1119 1.5 166 159 4.2 8() 85 -6.2 1382 1363 1. 4 

l 3367 3159 6.2 740 860 -1 6.2 85 136 - 60 .0 4192 4155 0. 9 

2 4215 4127 2. l 1327 911 31 • 3.· 501 752 - 50. l 6043 5790 4. 2 

3 15761 15359 2.6 3407 3577 -5.0 4365 11,365 10. 2 23533 23746 - 0 . 9 

4 6895 7265 -5.4 1552 1797 -15. 8 1787 1708 4.4 10234 10778 - 5. 2 
_. 
0) 

00 

TOTAL 31374 31 029 1.1 7192 7304 - 1.6 6818 7491 - 9. 9 45384 45824 -1. 2 

All VMT's divi ded by 100 
Source: Oh io Department of Highways 



Corridor 
Number 

1 

2 

3 

4 

12A 

TABLE V-4 

CORRIDOR CHECKS 
Source: Ohio Department of Highways 

.. -

Street 

Chester 
Euclid 
Carnegie 
Cedar 

Total 

Lake Avenue 
Detroit 
Hilliard 
Center Ridge 
West Wood 
Lorain 
Brook park 
Mastick 

Total 

Shoreway EB 
Shoreway WB 
De troit 
Franklin 
Madison 
Lorain 
Clark 
Denison 

Total 

Ridg e 
Pearl 
State 
Broadview 

Total 

Warrensville 
Northfield 
Aurora Road 

Total 

Assigned 
Volume 

29,533 
11,924 
16,550 
17,675 

75,682 

21,335 
15,683 
11,016 
9,278 
5,270 

20,792 
17,763 
~,077 

107,214 

39,302 
50,188 
21,066 
10,941 
13, 492 
26,139 
12,911 
2q,16s 

202,204 

22,537 
19,835 
23,488 
20,509 

86,369 

22,759 
33 , 898 
24,466 

B1,123 

Ground 
Count 

32,900 
19,200 
11,400 
13,400 

78,900 

17,800 
12,050 
11,500 
11,600 
3,800 

19,900 
16,100 

5,200 

97,950 

35,600 
3S,600 
21,400 
9,000 
9,600 

17,300 
17,250 
26,000 

171,750 

23,000 
32,500 
18,700 
18,000 

92,200 

16 , 000 
21,100 
16,900 

54,000 

Percent of 
Control Total 

95.9 

109.5 

117.7 

93.7 

150.2 
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TABLE V-5 

R. M. S. Analysis: 0/D Assigned Volumes Versus Observed Volumes 

1-~-~-. -----i------···-----~i~:· Volume V
0 

--··-,---~- (V-
0

--V- )-2- - Ab_s_o_l_ut-~- ;e-rc:~t·-· 

1 Links (OBS.) R.M.S. R.M.S. 1-- -· -··- ·· ··- - -·· ···-·-· ·-··------ -- ···----- -+ - - -- -- ··-··· ···-··-···-- ---·· · -

i 17 <5,000 46,756 51,745,241 1740 
I 17 5,ooo-9,999 124,285 255,967,617 3885 
I 5 10,000-14,999 60,580 54,934,380 331 8 

4 15,000-19,999 64,951 63,403,749 3980 
5 20,000 130,508 156,097,920 5590 

63.2 
53.0 
27.3 
24.3 
21.4 

L _ 48 _ _ L_ _ ___ To_t_a_l _s _ ____ 4_2_7_, 0_8_0_ .....__5_8_2, 148,907 3485 39.2 

V0 = observed volume 
V = assign volume 

____ _ ..!._ __ __ _ 

Source: Ohio Department of Highways 
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levels of 
prec1s1on 

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 links with ADT's greater than 30,000 that have assignment-to-ground
count ratios between 0.75 and l .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 prec1s1on to be obtained in the 
traffic assignment process . There are di fferences in accuracy of trips 
assigned, network pnrameters 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 i t 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 used 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 ass ignments. 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 
assig~ment 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-link basis on a network map. However, the root mean square (RMS) 
error computed by volume range is a good method of sunrnarizing assignment error 
since it provides an indication of errors in individual link 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 volumes 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 i n the 12-15 percent 
range are achievable. Presumably at the much hi gher volumes (i.e., 60,000-
100,000 VPD) errors less than 10% ca n be achieved. At the low volume end 
very high errors appear to be the rule, generally running over 100 percent. 
Fortunately, not too much desi gn or major traffic improvement work are done 
at these low volumes using assignment results. Generally, it can be seen 
that the error in assignment is quite large for vol ume 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 traf fi c 
assignment the reader is referred to Fi~ure 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 des irable 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 accuracy 
achieved which would not cause a difference of one lane in the design due to & design 
inaccuracies of the assignment results. Work done for the NCHRP by Crei ghton, volumes 
Hamburg Planning Consultants (34) provides insight i nto the effect of assignment 
inaccuracy on the design process. Figure V-3 shows the one directi on design hour 
volume ranges within which four, six, and eight lanE· urban freeways are required 
for design level s of service C and 0. Each plateau on the curves can be 
separated into zones where the numter of lanes is either sensitive or in-
sensitive to the design hour volume. As an example, there is little problem 
in specifying six lanes providing level of service C when the estimated DHV 
is 4000 tthe midpoint of the plateau) since t he DHV could be in error by+ 
2~% without changing the lane requirement. However, if tne DHV were near-the 
extremes of the range t3,00 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 f inding the 
segment of each line 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 level shown t0-5000 VPH) , 
it could be inferred tnat for a 10% estimation error the number of lanes i s 
sensitive in 35% of the cases and insensitive in 65% of the cases; at a 20% 
error the lane numbers are sensiti ve 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 keeE 
error low, since this decreases the number of decisions that must be made in 
sensitive areas. 

An approach that might be used to establ ish desired accuracy would insure 
that the design would not be of f by more than one lane due to the errors in 
the traffic estimates. Table 111-3 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-PlkCENT STANDARD DEVIATION RASED ON THE RESULTS OF AVERAGINr. FOUR LOADINGS (51) 

Percent Standard Deviation 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 JO-UP Total 

Salem 76. 2 49.5 41.9 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 
---' 
'-.I Green Bay 62.9 55.4 62 . 2 71.6 58 .8 .i:,,. 

46, 7 38.9 29.3 15. 2 - - 49.4 

Madison 199.6 99.4 61.1 42. 7 36. 4 30.9 25.6 18.1 12.7 7,0 14.8 J0,9 

Tucson* 138, 0 91.6 124.3 79.1 44. 3 36.6 34, 2 39.6 21. 3 21.7 - 47 . 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 54.4 52.1 25.0 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 

Atlanta 63 .3 68 .8 77,3 59.0 45.4 40.5 27.0 26. 5 27, 5 42.4 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 44.4 

*Average of 3 loadings 

**Average of 5 loadings 
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TABLE V-7 

Percent Error in Assignment Results Related to ADT 

JIDI 
Functional Number of Range +- %from 
Class Lanes (000's) -ADT 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 6 ------ -- -----
3 4 9-18 34 13600 
2 4 8-13 27 10250 
l 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 Kange (OOO's) 
iADT) Er.ror in Volume - % 

5-10 35-45 
l 0-20 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 14-15 

Referring to Tab le 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 estab lished, input variables, such as, speed and capacity and i n 
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 link basis) as well as with users of the data. 

Users of Resu lts 

The users of traffic assignment results include urban trans portation planning 
and operating agencies, other public planning and operating agencies, decision 
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 surrrnarized form, and 
can be used by the decision ma ker 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 informat ion 
amenable to quick visual interpretation. The types of output generally desired 
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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 tabu lations as well as 
detailed network geographic display. He should be able to obtain a wide 
variety of data organizations, whether in tabular or geograph ic 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 
various computer systems availabl e generally provide information for the 
analyst on both a detail link 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 t he 
analyst. Tabulations or surrvnary reports for others, such as, administrators, 
reports to the public, etc., generally are made from the detail infonnation. 
Most are done manually from the more detailed computer output. Some users of 
traffic assignment procedures have produced their own programs for summar i zinq 
assignment results for use by others. · 

Display of Assignment 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 link by link basis, as well as by revi.ewing summary 

computer 
0/P 

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 lin k basis or on a su1T1Tiary basis . Graphi cal dis play may include 
the following: 

- Geographic data display on a link basis; i .e., map presentation 
of data. gra~hical 

- Histograms, bar charts, and other visual aid for presenting . . display 
relationships between data; i.e . , the changes in s peed by fac1l1ty 
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 mi les of t ravel by geographic 
location (ring, sector, etc.). An exampl e of such a diagram is 
shown in Figure V-6. 

Many types of geographic data display on a link by lin k basis have been produced. 
Exam pl es are: 

- Links annotated wi th directional volumes 
- Links annotated wi th non-directional volumes 
- Links annotated with volumes and with capacities 
- Lin ks annotated with volumes from two sources (e.9., 0-D vo l umes 

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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PLOTTER PRODUCED STICK DIAGRAM 

Source: Creighton, Hamburg, Inc. 



- Volumes shovm in band\vidth form (width of band proportional to 
volume, either "open" or filled in solid). · 

- Bandwidth plots showing (say) capacity on one side of the lin k, 
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 . 

raphical 
isplay 

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., free\'1ays 1 or in selected 
geographic locations throughout an area. 

The above list 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. 
Likewi se, these types of display are not produced from all traffic ass ignment 
runs but only when detailed analysis or presentation to others is required. 
In testing of alternatives, for example, some practitioners only review surrmary 
output statistics and do not plot detail link values until an alternative is 
chosen for detailed study, 

Some examples of link plots are shown in Figures V-7 through V-17 (t hese may 
be produced manually or by automatic plotting methods as described in t he next 
section; examples of both are presented here). Figure V-7 shows an example of 
a section of a network annotated with link volumes (non-directional) as produced 
by an automatic plotter. 

Figure V-8 shows volumes assigned to individual links by bandwidth produced 
by a plotter. Figure V-9 sho\'JS 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 li nk . The 
original was plotted with the base netvmrk in pale red and tile 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 dev ices 
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 vari ous capacity restraint runs , 
comparing alternate systems, or comparing 0-D versus model trips 
(see Figure V-14 for example). 

- Comparison of summary statis tics 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 

Source: Ohio Department of Highways 
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Source: Connecticut Highway Department 

Figure V-8 

Netv,ork Band Plot 
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FIGURE V-9 VOLUME/CAPACITY RATIOS BY BAND WIDTH 

SOURCE: OHIO DEPT. OF HIGHWAYS 
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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-16. 

- 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 
- Electro-Mechanical Plotters 

CRT Display Units 

automatic 
plotting 

There have been dramatic improvements in computer graphics since 1955 when maps 
of travel desire lines were printed di rectly by IBM accounting equipment for 
the Detroit Metropolitan Area Traffic Study. This use of printing values in 
a coordinate format to map data has been elaborated to include isolining, 
symbolic representation, and shading, all using high speed printers. Line 
plotters have been used to prepare line drawings of nebwrks, 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 de,vice 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 t he 
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 wi th the points to 
be represented. Di gitizing is the process of determinina coordinates for poi nts 
and identifying them. 

Most plotting \'iork useful to transportation planners must be preceded by digitizinq 
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 identifying 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 automaticall y 
record the point's coordinates, and keys in necessary i dentifying 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 line, 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 fel/1 data points are to be 
digitized, it is generally quicker to do the work manually. Digitizeri are 
most useful where there are thousands of points to be diqitized. Also, if 
maps are of small scale or if digitizing must be done from prints of poor 
quality, better results \vill 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 I/Jell 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 least 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 transportation 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 'I/eight 
Off-line 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 1-4ill 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 shmvs an example of an automatic [)lotter. 

An automatic display device which has not yet found widespread use in CRT 
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 vJhich a permanent record 
of a piG~ure 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 lar0e networks, 
or any other relatively uncomplicated picture , CRT's are feasible sol utions. 
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 links, 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 

Source: California Computer Products, Inc. 



CHAPTER VI 
SUMMARY 

Traffi c assignment is a much used method and important part of the Transportation 
Planning process. The technique has progressed from manua l applications 
through use of large - high speed electronic computers. Through the years 
methods have been developed which offer advantages over wha t might be class ified 
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 assignment 
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 infonnation in these 
products. 

The utilization of a specific applicational technique should be based upon 
specific needs , such as : overall system testing and evaluat ion, smal l area 
detailed analysis, sketch planning 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 techniques 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 fo r: testing and developing alternate transportation 
systems; establishing short ranqe priori ty programs; detailed studies of traffi c 
generators, corridor location studies; developing design volumes ; and providing 
input to other planning tools. Subs idiary special applications may include 
study ing the air pollution and noise effects of a system, evaluating traffic 
effects of shopping centers and fillinq stations, determining locations for 
public services such as fire stations and ambulances and scheduling routings 
fo r trucking systems for solid waste pick-up and disposal. 

Traffic assignment techniques have found most applicati on in urban study, but 
have successfully been utilized for statewide and nationwide study. 

Analysis of traffic assi gnment 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 (identifyi n0 

good and weak points in the system, delineating _deficiencies, etc.) 
- establishing comparative evaluations with other parameters to 

aid in the planning and design 
- pennitting 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: 

- existinq 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-doinq 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 being 
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 11 1-511 would represent the existing system, revision of assiqnment number 
5; the number 11 3-7 11 would represent a 1985 network, trial number 7. All maps 
and tabulations pertaining to the individual assiqnment are given this number. 
All 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, labeled and preserved for 
reference: 

- tabulation of link 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 t~pe by a number. The number would be 
placed on the tape along with a short description of the tare 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 highway 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 assi9nment 
the specification of the problem(s) to 
be used to the analysis of results. A 
considered is presented below: 

- define problem 

process should logically proceed from 
be solved through the procedures to 
summary of the major steps that should be 

- establish goals and objectives 
- develop analytical aprroach 
- 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, caracity, etc. - required 
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code the network for processinq 
• locate and number cent roids 
• connect centroids to system 
• locate and define nodes 
. prepare a node numbering tabl e 

assign node numbers 
code system parameters including turn penalties and prohibitors 

. treat special situations such as external stations 
- evaluate zone-network relationships 
- adjust and calibrate network 
- check results of calibration versus measurable characteris t ics 
- utilize process for solving problem(s) defined 
- surrmarize results for presentation 

Again, the traffic assignment methods provi de a useful tool for transportati on 
planning applications. The method to be used should be selected careful ly, 
applied carefully and the results analyzed and used with a knowledge of t he 
limitations as well as the benefits to be derived . Thi s document has attempted 
to provide infonnation on the methods, appl i cations and products of traffic 
assignment. · 

199 





REFERENCES 

l. Swerdloff, C. N. and Stowers, J. R., A Test of Some First Generation 
Residential Land Use Models. Highway Research Record No. 126, 
Highway Research Board, 1966, pp. 38-59. 

2. Guidelines for Trip Generation Analysis. U. S. Department of 
Transportation/Federal Highway Administration, Bureau of Public Roads, 
Washington, D. C., June 1967. 

3. Campbell, Moses Earl, Assignment of Traffic to Expressways (as 
detennined by diversion studies). Southwestern Association of State 
Highway Officials, Proceedings, 1951, pp. 64-65 . 

4. A Policy on Arterial Highways in Urban Areas. American Association of 
State Highway Officials, Washington, D. C., 1957, p. 111. 

5. Moskowitz, Karl, California .Method of Assigning Diverted Traffic to 
Proposed Freeways. Highway Research Bulletin 130, Highway Research 
Board, 1956, pp. 1-26. 

6. Urban Mass Transit Planning Project . Prepared -for Department of Housing 
and Urban Development, Alan M. Voorhees & Associates, Inc., 1968. 

7. New System Requirements Analysis Program UMTA Transportation Planning 
System (U:tPS). Urban Mass Transportation Administration, Washington , D. C., 
October 1972, Includes: Course Notes; Reference Manual; Network Development 
Manua 1. 

8. Stover, Vergil G. and Blumentritt, Charles W., User's Manual For t he 
Texas Large Systems Traffic Assignment Programs. Texas Transportation 
Institute, Texas A & M University, College Station, Texas, November 1966. 

9. Schneider, Morton, Direct Estimation of Traffic at a Point. Tri-State 
Transportation Committee Interim Technical Report, July 1965. 

10. Micro Assignment -- Final Report, Volume I -- Procedure and Theoretical 
Background and Volume II -- Program Documentation. Creighton, Hamburgh, 
Incorporated, Bethesda, Maryland, October 1969. 

11. Whiting, P. D., Computer Programs for Allocating Traffic by the Quickest 
Route Method. Research Note No. RN/3829 POW, Department of Scientific 
and Industrial Research, Road Research Laboratory. 

12. Dial, R. B., A Probabilistic Multi-Path Traffic Assignment Model Which 
Obviates Path Enumeration. National Technical Information Service, 1971. 

13. Carroll, J. Douglas, A Method of Traffic Asssignment to an Urban Network. 
Trip Characteristics on Traffic Assignment, Highway Research Board 
Bulletin 224, 1959. 

14. Urban Transportation Planning General Information. U. S. Department of 
Transoortati~n, Federal Hiqhway Administration, March 1972. 

201 



15. Program Documentation - Urban Transportation Planning. U.S. Departmen~ 
of Transportation, Federal Highway Administration, March 1972. 

16. Highway Capacity Manual. Highway Research Board Special Report 87, 
National Academy of Science, National Research Council Publication 
1328, 1965. 

17 . Martin, B. V., Minimum Path Algorithms for Transportation Planning. 
Research Report R 63-52, Department of Civil Engineering, Massachusetts 
Institute of Technology, 1963. 

18. Dial, Robert, The UTPS Transit Path Finder Algorithm. Urban Mass 
Transportation Administration, 1973. 

19. Smock, Robert, An Iterative Assignment ApRroach to Capacity Restraint 
on Arterial Networks. HRB Bulletin 347, Highway Research Board, 1962, p. 60. 

20. Mertz. W. L., The Use of Electronic Computers. Traffic Engineering, 
May 1960, pp. 22-27. 

21. Transportation Planning System for the Control Data 3600 Computer, 
Trip Loading Assignment. Control Data Corporation, Minneapolis, Minn., 
July l, 1966. pp. 6.601.3-6.601.16. 

22. Schneider, Morton, A Direct Approach to Traffic Assignment. Highway 
Research Record No. 6, 1963, pp. 71-75. 

23. Di rect Assignment Trip Tables. Upstate New York Transportation Study, 
New York State Department of Public Works, May 1964. 

24. Schneider - Scott Direct assignment VMT Splitter Program and Freeway-Surface 
Artefial VMT Splitter . Creighton, Hamburg, Incorporated, prepared for the 
U. S. Department of Transportation, Federal Highway Adminstration, 1971. 

25 . Interim Technical Reports, Tri-State Transportation Commission: Direct 
Traffic Estimation - Test Case Results, January 1966; Direct Traffic 
Estimation Method Systematic Inputs and Method of Computation, October 1966; 
Direct Traffic Estimation - Preparation of Travel Cost and Trip End 
Density Data, November 1965; Direct Traffic Estimation - Method of 
Computation, October 1965; Direct Traffic Estimation Method A Distribution 
and Ass ignment Model, January 1970; Direct Traffic Estimation Method 
General Description and Calibration Results, June 1969. 

26. Kell, J. H., Analyzing Vehicular Delay at Intersections through 
Simulation. paper presented at 41st Annual Meeting of Highway Research 
Board, January 1962. 

27. Stark, M. C. , Computer Simulation of Street Traffic. National Bureau of 
Standards Technical Note 119, U. S. Department of Canmerce, National 
Bureau of Standards, 1961. 

202 



28. Blum, A. M., A General Purpose Simulator and Examples of Its 
Application, Part III - Digital Simulation of Urban Traffic. IBM 
System Journal, Vol . 3, November 1, 1964, pp. 41-50. 

29. Gerlough, D. L., F. A. Wagner, J.B. Rudden, and J. H. Katz, A Traffic 
Simulation Program for a Portion of the Traffic Signal System in the 
District of Columbia. prepared for District of Columbia, Department 
of Highways and Traffic in cooperation with the U. S. Department of 
Commerce, Bureau of Public Roads, 1963. 

30. Gerlough, D. L. 1 F. A. Wagner, J. B. Rudden, F. C. Barnes: Research 
Study of the Traffic System of the District of Columbia. prepared for the 
District of Columbia, Department of Highways and Traffic in cooperation 
with the Bureau of Public Roads (1966). 

31 Fleet, Christopher R., and Robertson, Sydney R., Trip Generation in the 
Transportation Planning Process. Highway Research Record Number 240, 
Highway Research Board, 1968. 

32. Kassoff, Harold, and Devtschman, Harold D., Trip Generation: A Critical 
Appraisal. Highway Research Record Number 297, Highway Research Board, 
1967, pr,. 15-30. 

33. Muhich, Eugene G., The BGAU Concept - A Possible Missing Link. Notes 
for 1/19/72 meeting of HRB Transportation Forecasting Commtttee. 

34. Creighton, Hamburg Planning Consultants, Data Requirements for 
Metropolitan Transportation Planning. National Cooperative Highway 
Research Program Report 120, 1971. 

35. National Ccmnittee on Urban Transportation, Determining Travel Time. Procedure 
Manual No. 3B, Public Administration Service, Chicago, 1958. 

36. Urban Transportation Planning General Information. U.S. Department 
of Transportation, Federal Highway Adminstration, March 1972, 
page II I-25 . 

37. Hvtne Interview Manual. Revised Version Prepared by Federal Highway 
Administration, published 1973 . 

38. Benish, A., Traffic Assignment Without Bias, Highway Research Record 392, 
Highway Research Board, 1972, pp. 36-46. 

39. Development of a Sampling Procedure for Col lecting Traffic Counts for 
Urban Transportation. Currently under Contract, Federal Highway 
Administration. 

40. Koppelman, Frank S., A Model for Highway Needs Evaluation. Highway 
Research Record 314, Highway Research Board---,1970, pp. 123-134. 

203 



41. Kassof, H., and Gendell, D., An Approach to Multiregional Urban 
Transportation Planning. Highway Research Record Number 348, Highway 
Research Board, 1971. 

42. Berwager, Sydney D., and Wickstrom, George V., Estimating Auto 
Emissions of Alternative Transportation Systems. Prepared for Office 
of the Assistant Secretary for Environment and Urban Systems, U. S. 
Department of Transportation, April 1972. 

43. A Screenline Analysis, Huntsville Reconmended Plan with the North-South 
and East-West Freeways omitted. State of Alabama Highway Department, 
Bureau of Urban Planning, 1971. 

44. Winfrey, Robley, Economic Analysis for Highways. International Textbook 
Company, Scranton, Pennsylvania, 1969. 

45. PRYPLAN, Ccxnputerized Objective Priority Planning Procedure. State 
of Wisconsin Department of Highv,ays, 1968. 

46. Peat, Marwick, Mitchel, An Analysis of Urban Travel by Time of Day. 
Prepared for the U. S. Department of Transportation, Federal Highway 
Administration, January 1972. 

47. Herrington, C. G., A Method for Determining Peak Hour Trip Factors for 
Urban Transportation Planning. Bureau of Public Roads, Unpublished report, 
September 1962. 

48. Razen, Philip, A Comparative Analysis of Statewide Transportation Studies. 
Highv:ay Research Record 401, Highway Research Board, 1972, pp. 39-54. 

49. Swerdloff, Carl N., Developing A National Network Model of Intercity 
Freight Movement in the United States. International Symposium on 
Freight Traffic Models, Amsterdam, Netherlands, May, 1971. 

50. Brokke, Glenn E., Nationwide Highway Travel. Bureau of Public Roads, paper 
presented at Western Association of State Highway Officials Highway 
Planning Conference, Santa Fe, New Mexico, June 1966. 

51. Humphrey, Thomas F., A Report on the Accuracy of Traffic Assignment 
When Using Capacity Restraint. Highway Research Record, No. 191, 
Highway Research Board, 1967, pp. 53-75. 

52. Huber, M. J., Bauti~ell, H.B., and Witheford, D. K. , Comparative Analysis 
of Traffic Assignment Techniques with Actual Highway Use. ~ational 
Cooperative Highway Research Program Report 58, Highway Research 8oard, 1968. 

53. 1969 National Transportation Study. U. s. Bureau of the Census, 
Departmerit of Commerce, Washington, D. C., 1970. 

54. Nussbaum, Earnest, From Numbers to Pictures. Prepared for Federal 
Highway Administration, Urban Planning Division, February 1972. 

204 



/ 
55. Urban Transportation Planning Course. U.S. Department of Transportation, 

Federal Highway Administration, February - March 1972. 

56. Kassoff. Hal, Evaluation of Alternative Transportation Systems. Urban 
Transportation Planning Short Course Lecture 14, Federal Highway 
Administration, 1972. 

57. Rlanning for the Future, Part II, Connecticuts Major Arterial Needs. 
Present to Year 2000. Connecticut Highway Department. 1969. 

58. Sosslau, Arthur B., Brokke, G. E •• Appraisal of Sample Size Based on 
Phoenix 0-D Survey Data. Highway Research Board Bulletin 253, 
Highway Research Board, 1960 9 pp. 114-127. 

205 
* U, S. GOVERNMENT PRINTING OFFICE: 1973 0 - 522- 978 













-

lr2ffic ~s~i~nment 

SCRTD LIBRARY 
425 SOUTH MAIN 

LOS ANGELES, CA. 90013 

~~ 

-



MTA OOROTHV GRAV LIBRARV & ARCHIUE 

\ \1111\ Ill\\\\\\\ 1\\1\ 1\1\1 \\\\\ I\\\\\\\\\ 111\11111\ \1\\11\\1\ 111111\1 
100000231694 

S.C.R. T.D. LIBRARY 

, 

J 


