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INTRODUCTION

Over the past 45 years, this nation has observed rapid changes in
all social and economic conditions from an increase in the amount of ;ime
its people can spend on recreation and leisure to a growth in family income.
In the transportation industries these changes have been paralleled by
greater automobile ownmership and a drastic modification of the travel
patterns throughout the country.

The national interest in this new travel trend was evidenced by the
initiation of the 41,000 mile Natiomal Interstate and Defense Highway System
over twenty years ago. The improvements in travel time and safety resulting
from this system have in turn caused a rise in intercity travel which cannot
be wholly explained by popglation growth._ With the Interstate Highway
System nearing completion, the Federal Highways Administration and the
U.S. Department of Transportation are loocking closely at the transportation
needs of the country since a transportation problem still exists for areas
in and around large urban centers all across the nation. This new national
concern for intercity travel along congested corridors is shown in the
development of high speed intercity land travel such as in the Washington,
D.C. to Boston corridor.

During the past several years, individual states, too, have shown a
growing concern over how well the primary state trunk line systems are
meeting statewide transportation needs. These studies, conducted by state
highway commissions and departments of transportation and highways using
many of the ideas developed over the past 25 years for trip gemeration,

have taken on highly individualized and interesting appearance as former



metropolitan area transportation study techniques are applied on rural,
regional, corridor, and statewide highway networks in conjunction with
comprehensive statewide origin and destination studies.

The State of Kansas began work on statewlde traffic analysis in the
early 1960's. The results of initial work was published in 1962 entitled
the"Jorgensen Report." Later work concerned with many of the social,
economic, and geographic factors influencing the regional freeway system
in south east Kansas was published in 1975 as the"South East Kansas Corridor
| Study, 1975." Another report related to statewide highway analysis is the
'Ransas Rural Highway Sufficiency Report'which was first printed in the late
1960's and has since been updated every twovyears. At the present time, in
Kansas as in many other states, efforts are being directed to develop and
test transportation planning models to be used for synthetic production of
statewide intercity trips for all modes of transportation available in the
state.

The State of Kansas has undertaken a research project to test and
evaluate available techniques in statewide planning. Its primary objective
is to ultimately develop multi-modal models relating to existing and planned
social, economic, geographical and environmental factors. This research
project consists of five phases -- the literature review, the development
and testing of travel generation and assignment models, the identification
of data needs for-a multi-modal commodity transport model, the determination
of the optimum detail of the network, and the identification of future
research needs. This section is the documentation of the first phase.

Subsequent sections will contain the results of later phases.



Purpose and Sources of Information

The literature review has three major purposes. First, it provides
needed background informatioa in the field 6f statewide intercity travel
to those involved with this research project. Secondly, it identifies
from existing literature, those theories and hypotheses describing inter-
city travel which are most suited for this research. Thirdly, it provides
current information concerning the development and outcome of similar
studies which would aid in obtaining a better amalytical process.

To accomplish these purposes, literature was obtained from many varied
sources, Letter questionnaires were sent to national and state transpor-
tation agencies, universities, consultants and other research agencies in
conjunction with an extensive library search for both published and
unpublished literature on the subject.

The information obtained through the literature review is ﬁresented
in this report in three basic areas which will be ordered in such a way that
each succeeding topic will demonstrate how ideas preceding it are applied.
First will be a current look at transportation need studies, followed by
a listing of both old and new traffic generation and assignment models
being used iﬁ transportation planning, and finally,‘an extensive look into
general trends being followed by individual states who are presently using
or developing statewide transportation models. It was found that some
reports and publications relevant to this statewide planning were not.
available, including reports on work currently under way in many state
agencies, as of 1976. However, the information presented here is believed
to be as current as possible and should bé of particular value to those
agencies who are contemplating the development of a statewide transportation

modeling system.



SECTION II

DEVELOPMENT OF AVATLABLE TECHNOLOGY

Transportation Need Studies

In order to formulate a mathematical model which will describe
intercity travel and be able to synthesize travel patterns for the future,
careful studies must be conducted over the routes concerned. Perhaps the

most basic of these studies is the volume count; it is, however, useful

only in determining how much traffic is using a particular route and
hence only in checking the reliability of a given model or combination of
models over a given route or corridor. Volume data alone should not be
used to calibrate a model which is synthesizing trips for the future; some
knowledge has to be gained about the travel patterns and trends which may
differ drastically between regions and even specific cities. It is only
reasonable today to assume that the tra%el patterns 10 miles away from a
rural community of 5,000 populations will be very much different than they
are 10 miles outside an urban center of 200,000 population. Questions
have to be answered regarding the traffic, such as: where are these

trips going, why are they going there, and how often do they go there

as opposed to someplace else.

The Origin and Destination Survey was developed in the 1930's to

answer some of these questions concerning trips, and it is still widely
used for transportation need and travel pattern studies. This section

will describe many of the different techniques presently being used to

conduct "0-D" Surveys and hopefully show their relative successes or

failures when applied in different statewide studies.



Origin-Destination Surveys

The primary reason the Origin-Destination Surveys were developed
was to assist in describing travel pattermson urban streets and arterials.
Because the nature of the traffic in urban areas tends to be very repetitive
from day to day and week to week with most trips being either business,
work, or shopping, it was relatively easy for transportation engineers
and planners of the past to develop reliable ways to collect 0-D data.
The two most common forms of data collection developed were the home
interview and roadside interview methods. The home interview survey, as
it was developed, selected a sampling of households from different but
nearly homogeneous areas. A form asking for information on all trips
for that household for one day was usually left or filled out by the
interviewer. Through this. process the travel patterns for a particular
neighborhood or urban sector could be identified. On the other hand,
the roadside interviews were concerned with a sampling of the actual
traffic along a certain.street and collected information only on one
specific trip while the trip was in progress. Because of its reliability
and the increases in amount of information that could be collected by
each interview, the home interview survey became the most widely used in
urban and metropolitan origin-destination studies. Convérsely, because
of the low densities of households in rural areas, the roadside inter-
view initially became the most widely used survey method for collecting
data on rural travel patteras.

Screenlines and cordon iines, too, were taken from the urban trans-
portation analysis field and applied in locating interview stations omn a
statewide network. It was soon found that the problem of placing screen-

lines in rural areas was a difficult one. Screenlines, poorly placed,



would give the traffic engineers and planners data that could not be
correlated with existing information. Many improvements in methods of
locating screenlines and cordon lines on a statewide basis will be
covered later in this section.
 Perhaps the most widespread and comprehensive screenline origin and

destination survey completed in the early years of intercity traffic
analysis was the Mississippi Valley Origin and Destination Survey (MVOD)
conducted in 1960 by eight adjoining states in the midwest. Wherever
possible available urban area external 0-D data were included. The MVOD
screenlines were placed across the participating states roughly at each
degree of latitude and longitude with variations occurring throughout
the states with respect to civil and geographical boundaries. Figure
II-1 shows the location on these screenlines in Wisconsin.

The following information is typical of the type collected from all
vehicles interviewed crossing these screenlines:

1. Type of vehicle

2. Vehicle occupancy

3. Trip purpose

4, Trip origin and destination

5. Location where vehicle is owned and garaged

6. Time of interview

The roadside interview stations which Iowa used during the MVOD study
were located wherever a major road crossed a screenline (1)*. Interview-
ing was conducted so that at least 80 percent of the traffic passing the
station was recorded. Each station wﬁs operated on one week day for a
minimum of 16 hours. For the remainder of the 24 hours when the station

was not operating a volume and classification count was kept. Both

directions of traffic were interviewed. The interviews were conducted

*Numbers in parentheses refer to the list of references at the end of the
report.
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for one day at each location, but a volume counter covered the station

for 5 dz s to provide data for expansion factors. In Wisconsin on

highways of only moderate importance or low volume, interview stations
operated only during the 8 hours of heaviest traffic during the day, 10 AM
to 6 PM (2). On a few highways with high truck and heavy night traffic,
interviewing was conducte& 24 hours a day. Still another modification in
collecting data for this early study was used by Illinois in their feasi-
bility study for a Central Illinois Expressway (3). Stations along high
volume routes were established and manned so that a minimum of 25 percent

of the peak hour traffic could be interviewed. Stations there were operated
anywhere from 8 to 20 hours per day depending on the importance of the route.

Available information indicates that several other states had con-
ducted multiple screenline Origin-Destination studies early in the 1960's.
These included Pennsylvania, Arizona, Rhode Island and Massachusetts.
Indeed, by the mid 1960's at least 25 states were condﬁﬁting motor vehi le
use studies relating primarily to intercity travel (3).

The Home Interview Method of collecting trip data for intercity trips
has taken on a completely new look compared to its predecessor used in
urban transportation analysis. 1In collecting data for intercity travel,
it becomes obvious that the sample population will reside in several dif-
ferent urban centers and may be spread over a considerable area. In additionm,
the data collected must represent many different occupations, businesses,
recreational needs, socio-economic strata and other conditions depending
on what the basis of the study is. These were some of the problems that
initially discouraged the use of home interview type surveys in intercity

studies. The most economical method found in collecting this kind of



information is a mail survey. The mailed home interview survey gained
acceptance very slowly in statewide transportation analysis because of
problems with lack of response and the often cumbersome and involved
follow-up procedures found necessary. However, with the development of
better sampling and administrative techniques and a better understanding
of where this type of survey works best, its acceptance has grown.

Some of the major developments iﬁ the intercity mailed home interview
survey will be presented here along with summaries.of their evaluated
effectivenes. In Section III of this report, it will be shown specifically
how some of these surveys have been qsed in Statewide Transportation studies.

The Federal Highways Administration in its recommendations for inter-
city trip analysis has set minimum response criteria for mailed questionnaire
surveys to provide a ccrrectinn;if necgssary,for any socio-economic bias
in the responses.

The Kentucky Department of Transportation used a mailed survey to
collect travel data from a sampling of household units on a single d.y
(4). A one percent random sample of automobile registrations was used as
a mailing list and a minimum number of households were selected at random
in each county to be used to check the accuracy of the remaining data.

The subsample of at least 30 units per county would be interviewed by
telephone or in person while the remaining units were sent questionnaires
through the mail. The administrative procedures also included TV, radio
and newspaper releases which were put out on a continuing basis at the time
of the mailing. A reminder letter was automatically sent to all sample
households 3 days after the initial mailing and a second mailing of all

of the initial package was sent to all those who had not responded within
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12 days. The response rates ranged from 33 percent to 65 percent with
an average of 45 percent.

Rhode Island offers another variation of the home interview survey (5).
The survey was conducted as far as possible by telephone interview over a
dwelling unit sample of 1420 units. Names and addresses were selected at
random from electric company records and the State Department of Transpor-
tation found the telephone company most helpful in supplying current phone
numbers for the survey. The use of reverse phone directories was tried and
found unsatisfactory because the information was usually outdated in the
available editions. A total of 393 units or about one third of the total
sample was scheduled for field checks and it was planned to re-interview
20 percent of all telephone interviews to check for accuracy. In conjunc-
tion with the home-interview survey, surveys were made at hotels and motels,
nursing homes and military installations by telephone, and on airlines,
taxis, and mass transit by questionnaires which were distributed to the
various passengers. A combination of the roadside interview and the
mailed questionnaire was attempted with great success. A video camera
and tape recorder system was set up at statioqs along major state arterials.
The traffic was then channelized and directed past the camera so that the
license numbers could be recorded. Using this sampiing technique and
obtaining portions of the motor vehicle registration files for the
surrounding 3 states, it was possible to send out questionnaires to all the
various types of vehicles which were photographed by the system (see
Figure II-2). This camera system would operate for one day at each station,

after which it was moved to another location.
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The State of Wyoming approached the home interview problem in yet
another way (6). It was thought to be desirable to be able to observe any
seasonal changes if they exiéted in statewide travel patterns. For this
reason it was decided to conduct all surveys over a full year.

For commercial travel, both lighé and heavy, questionnaires were
mailed out in May, August, November and January. A 67 percent sample of
heavy trucks and a 35 percent sample of lightweight commercial vehicles
were taken from State Department of Revenue files for survey purposes.

With no follow-up, the response rate of this survey averaged 35 percent;

and it reflected data for approximately 31 percent of the total heavy commer-
cial vehicle trips and 8.75 percent of the total lightweight vehicles trips
for the surveyed year.

Noncommercial travel by Wyoming residents wms- obtained by distributing
questionnaires at Drivers License Examination Stations. Since most of the
counties had a centralized examining station, this method was chosen for
its convenience during a year when the maximum number of drivers licenses
would be up for renewal. For counties without centralized stations the
questionnaires were mailed to a sample of the households listed in the
automobile registration files. Wyoming noted the aée bias in data gained
from using automobile registration so it was necessary to correct for this
bias using data collected from the other counties. The questionnaires
distributed at the examining stations were distributed to all persons.
applying for or renewingrtheif drivers license and the information
requested was a log of all trips for the previous seven days. Using
no follow-up, the response rate was surprisingly good with a range from

6 percent to 33 percent and average of 28 percent of the handed out form



13

and a range from 17 percent to 26 percent and average of 20 percent of
the mailed form. Figure II-3 provides a sample of the first page from
Wyoming's questionnaire.

Waltz and Grecco (7), reported on the results of a detailed evaluation
and gomparison of the combined application of mail and non-mail follow-up
procedures for reducing non response in Home Interview Surveys. They
concluded that a mailed home-interview type survey is,”not likely to
achieve much more than 50 percent response unless followed up by some
form of non-mail interview.'" In addition the combined successive use of
telephone and simplified personal follow-up to a mailed survey is likely
to be comparable to an interview follow-up on the basis of cost versus

information obtained.

Intercity Traffic Generation Models

Nearly 100 years égo, in the early 1850'5, H. C. Carey was credited
for the statement that men are attracted by the law of gravitation. This
classic statement.has, ever since, guided engineers and researchers in
developing hypotheses describing intercity travel. E. G. Ravenstein, in

1885 defined the migration of individuals to a city as (10):

g
&
o
=
I

migration from source j to center i

Fh
~
La~)
[
S
I

= some function of the population of center 1

=
n

distance between the source j and the center 1i.

All of the synthetic trip generation models dating from this early one in
1885 to the present have two common factors considered very important in

travel studies:
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1. There is defined a force or power of interaction between

zones of localities which is measured in trip ends produced
or attracted by each zone.

2. Trip interchange is a function of the producing and attracting

powers of each (usually a population or socio-economic factor)
and the spatial separation between them.

Spatial separation may be measured in travel time, distance, sufficiency
of route, or cost over a specified transportation system. An important
consideration in modeling trips over various forms of transportation serving
separate groups with different social or economic interests is the selection
of the proper spatial separation between groups to match the existing travel
characteristics. For instance, in an area of wide-spread cattle ranching, a
rancher may choose to go to a more distant stock yard to buy or sell his
caftle for a better price. For'him there is a careful balance between the
cost and the distance (or convenience). A businessman may balance cost
and time as he is deciding on a mode of transportation to another city.

The obvious importance of these factors can be seen as they appeared
in intercity traffic models developed over the first half of the 20th
century. The historical development of the mbdels can be found in detail
in puplications by Borg (1), Titlemore (8), Olsson (9), and Carrothers (10).

The more important ones are discussed briefly below:

1. E. C. Young (1924) (10)

Young formulated the following equation. Note the use of K as

a proportionality constant. This has been found to be necessary
whenever models are in terms of power or force of interaction to
adjust to existing volumes.

z
1

M =K D 2
ij



2.

3.
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where: = migration from j to 1

iHj

Zi = force of attraction of destination 1

K = constant bf proportionality

G. I. Zipf (1949) (11)

Ziph proposed the following model:

P.P
F =_._i_1.
1j D 2
ij
where: F1j = Force of interaction between concentrations i and j
Pi’Pj = populations i and j
Dij = distance between places 1 and j

When compared to actual intercitf highway, bﬁs, rail and air
travel, it was found that Zipf's formulation provided a good
fit only on highway data.

S. C. Dodd (1950) (12)

Dodd did considerable work on the interaction hypothesis for
travel between two population centers. The following interaction
model was among the first to use a weighting factor (or index)

to better equate the heterogeneity of the population centers:

L. KI_P TP T
e )

where: T = time allowed for measured interaction

L = distance between two groups (£ is some calculated
exponent)

Pa'P = population of groubs

I ,I = specific indices of level of activity; such as
per capita activity in a unit period of time

K = constant for each type of interaction

I = expected interaction
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Thus with this model a time factor was explicitly taken into
consideration. J. Cavanaugh (13) in 1950 found Dodd's inter-
action formula to vary in different geographical regioms;
however, with the factor adjusted to fit the situatiom, in a
study of 27 interactions involving automobiles entering
national parks, airline travel, tourist travel and commuter
travel within the State of Washington, the results were good.
Cavanaugh found a correlation of 0.8 or better was achieved
for 70 percent of the interactions studied.

F. C. Tkle (1954) (14)

PP,
H_:...__l._J_
ij @ )b
ij
where: Hi' = number of trips between i and j for a given time
] period
Pi,Pj = population of cites i and j
14 = distance between cities 1 and j

b = exponent constant for various types of interactions.
Values varied from -0.69 in Texas to 2.57 in
Indiana and 2.6 in Washington

Ikle noted a difference between interactions dealing with the
movement of people and those regarding the movement of comr .ities.
Also, the population product Pin was taken as a linear prduct

since it was found that the greater the number of pairs of
people, overall analysis, only a linear product of the population
was acceptable. Car ownership or vehicle registration was noted
as a weighting factor for population but it was found that the
use of the ownership factor was only valid within a given range
of trip lengths. Beyond the limit of these lengths a change in
mode of travel is anticipated. The hypothesis stated is that
the increased automobile registration in dense urban areas will
be reflected only in commuter type traffic, and that as travel
spreads to more distance communities, the effects will be less
noticeable. Ikle also introduced the concept of a "saturation
point" of trips made by an individual.

T. R. Anderson (1955) (15)

As has been seen in some of the earlier traffic models, the
distance factor exponent has been a constant which has to be
determined for specific circumstances. Anderson proposed that
the distance exponent ("a" in this case) was inversely related
to the population size.
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Pa
V =K—
ca a
ca
where: cva = the potential for travel exerted at location ¢
by population a
D = distance from ¢ to a
ca
a = f(gi)
a

W. Mylroie (1955) (16,17)

Based on the assumption that the actual through traffic volume

on any section of road can be represented by the minimum ADT,

the following relationships were developed from multiple
regression equations:

ij
where: F = desire to travel
Pi’Pj = populations of urban centers i and j
dij = distance between i and j

The above equation, as can be seen, measures the relative desire
for travel between cities. In order to obtain synthetie trip
information from the desire factor the following equation was
used:

log T=1log a+b log F
or T=a Fb
where: T = average daily travel
B = desire for travel
a,b = regression constants

Note that the form of the second equation is that of a straight
line on a log-log plot. Hence it is possible using this rela-
tionship to form a plot of trip data versus the desire factor
on log-log paper as shown in Figure II-4. The slope,or change
in T per logrithmic cycle can be computed as b thus producing a
mathematical model of the existing travel patterns.
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FIGURE II-lL

ORIGIN AND DESTINATION TRIPS AS A FUNCTION
OF POPULATION AND DISTANCE

In applying this model where two parallel routes exist between
a pair of cities and the mileage between the two routes differ
by 15 to 20 percent, the allocation of F between the two routes
is dependent upon their relative distances. Also, in a model
developed for the State of Washington, a discount was imposed
for urban centers separated by more than 250 miles because
automobile travel on a daily basis becomes less attractive

at this distance. It was claimed that this travel model was
valid for both trip generation and distribution. However,

the model does not seem capable of determining the demand for
a new route since no separation point was noted for trips
emanating from any urban center. Competing opportunities

are also not directly reflected in this model.
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W. R. Bellis (1956)

Bellis (18) developed several new concepts for use in the
following equation formulated for the New Jersey State Highway
Department: '

R.£,
T
Ry
and £, =KR, =—F
i i Pi i
where: V = volume of travel from center i to center j. V

is doubled for return trips to i or added to trips
attracted from j to i (return or otherwise)

Ri’Rj = motor vehicle registration
£, = force of attraction which center j exerts omn
J center i

T = total elapsed time to travel from center i to
center j

K = constant

Pi = population of center i

Fi = attractive force in addition to normal attraction
F =1 1l in most areas

i > 1 in recreational and highly industrial areas

Note the use of travel time as an impedance to travel and the use
of an index to account for additional interaction. Bellis indi-
cates that since automobile travel is being predicted it is
recommended that automobile registration be used in the equation
rather than population; however, as can be seen, in determining
the force of attraction, the population of the origin of the trip
is required to adjust the formula.

J. S. Burch (1961)

Burch (19,20) modified the Mylroie travel desire factor and applied

it to a model based on roadside interview data available for five
North Carolina cities. The resulting equation was:

T = 0.04m% + 4.9m + 160
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where: T = ADT starting in city A and entering city B, but
excluding any partial or through trips
s
2
(d,p)

It was concluded from this study that where there were as many
as 175 trips between places, the equation provided values with
less than 20 percent error when compared to origin-destinatiom
data. The accuracy was best where the distances between points
were less than about 50 miles. With distances over 100 miles
the formula could not be compared with actual data due to the
small number of long trips observed. The overall level of
confidence in the formula was better than 80 percent for any
pair of cities in North Carolina which were reasonably near
each other. Indications were that the existence of a sizeable
third town C between the two major towns A and B, might decrease
the amount of interaction between A and B below the value which
would be indicated by the formula.

R. Borg (1964)

Borg (1) conducted research with several forms of the gravity
model for assignment of trips to all cities of 20,000 population
or more in Iowa. The following model, which was the basis for
Borg's tests has become valuable in synthesizing multi-modal
travel:

a b
S K(Pi?j) (Eigi?

13
] tn ect
. ct

The variables e

ly and compositely.

where: Ei’Ej total retail sales of city i and j

Ti' = average 1960 summer weekday trips between city
J i and j

t travel time between cities

¢,b,a,k,n = constants from regression
¥

It was concluded that the best correlation was given by:

_ 8.52(pip) 073
t2.05 e0.0045c '

T

s tn, (EiEj)b and (Pin)a were tested independent-
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The use of retail sales as an index of a city's activity
showed little effect on these larger cities. It is however,
suspected that in the case of small cities, retail sales may
be a good index of activity and could be successfully employed.

Trip Distribution Models

From the historical review of maéhematical models designed to synthesize -
or generate travel patterns, there has been a development from equations
which would describe the simple movement of people from one point to
another to equations which would describe travel patterns between several
pairs of cities over an entire state. These later forms of traffic models
would more accurately be termed trip distribution or traffic assignment
models since they are synthesizing and distributing a large variety of
trips over an entire network. Of the distribution models in use by states
today, there are three major types: The Fratar Mbdél, the Gravity Model
and the Intervening Opportunity Model. These will be described briefly
here since their use in different statewide transportation projects is
covered in the next section.

It is important to note the reole that trip distribution models play
in today's transportation resear;h. No longer are we satisfied with
knowing about the travel patterns for 15 or 20 cities across a state.

There is a need to know how to synthesize travel patterns between all
possible cities, towns, recreational areas and éther places of interest
within a state over a complete highway network. Also, to meet the reguife-
ments of transportation éystems in the future, methods have to be developed
to develop growth factors in order to project existing travel patterns

into the future.
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GRAVITY MODEL (21). As has been seen throughout the historical
development of traffic models, one specific type seems to be patterned in

the majority of equations. This type is the Gravity Method which is the

most widely used and best documented of the models used to synthesize

traffic distributions. The gravity model, as it will be described here

in its most general form, has long been the most popular method of synthetic
trip distribution because it is simple to understand and apply. The approach
loosely paralleling Newton's gravitational law, is based on the assumption
that all trips starting from a given zone are attracted by the various
traffic generators of other zones, and that this attraction is in direct
proportion to the size of the attractor and in inverse proportion to the
spatial separation between the areas. In its original mathematical form

the gravity model is expressed as follows:

Ai
I
©45)
Yoy =By <% A A
J n
B + 5 + .. 5
@) @) @, ;)
where: T,. = number of trips produced in zone i with destination in zone j

Pi = total number of trips produced in zone 1

Aj = total number of trips attracted to zone j
1y "o Din = measure of spatial separation between zone pairs i-j...i-n

b = empirically determined exponent which expresses the average
area wide effect of spatial separation on trip interchange.

This model has many advantages in that many socio-economic variables
related to trip generation, i.e., number of jobs, family income, land use,

can be substituted for Aj in the formula, This flexibility was a major
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break through in transportation models and for the first time allowed changes
in future land use or development to be handled directly by the model.

There were two major disadvancages of the early form of the gravity
model which led to its present day revision. These were: (1) the inverse
power of distance was found unsatisfactory as an impedance function for all
ranges of trips and; (2) the comprehensive iteration process required to
calibrate the model, coupled with wide variations in interzonal traffic
that had to be accounted for, gave rise to serious computational problems
(21). A more efficient spatial separation function termed "travel-time
factor" was found more applicable in expressing interzonal trips. It was
recognized that the impedance function was more complex than a single
exponent could handle; thus travel time factors attempt to combine various
functions of travel as related to distance into a form which reduces the
computational process involved with the model. The revised gravity model
now has the formula:

P,AF, K
T = i 3ij 1j

ij
T oarx
j=1 13743

where: F,. = empirically derived travel-time factor expressing the
average area-wide effect of spatial separation

K., = specific zone to zone adjustment factor to account for

other socio-economic factors influencing the travel
pattern. '

OPPORTUNITY MODEL (21). The second most widely used travel model in

synthetic trip distribution is the Intervening Opportunities Model. This

model was developed in its present general form by the Chicago Area Trans-

portation Study. So far, this model has found most of its use in or near
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large urban areas but, with increased emphasis being placed on statewide
traffic analysis, models using this format have had an increasingly large
part in the analysis of recreational travel. This model utilizes a pro-
bability concept which in essence requires that a trip remain as short as
possible to meet its purpose, leﬁgthening only as it fails to find an
aéceptable destination. All trip opportunities or destinations are con-
sidered in sequence by travel time from the origin zone. Further these
destinations are placed in band widths of equal probability based on
distance (or travel time) from the origin. 1In considering consecutive
opportunities for trip ends, each succeeding destination within a band
width has the same initial probability of acceptance; however, the pro-
bability is decreased by the fact the trip béing distributed has a chance
of accepting the first opportunity and any number of other opportunities

closer to the point of origin. The model takes the mathematical form:

T. . By
ij 1@)3

where: Tij = predicted number of trips from zone i to zone j
Ti = total number of trips originating in zone 1
6)
Pj = calculated probability of a trip stopping in zone j.

The model is generally calibrated by varying the probability values of
destinations until the simulated trip distribution produces the same vehicle
miles of travel by major geographic subareas as the surveyed trip distri-
bution.

The most serious disadvantage to the use of the intervening or
opportunity model, as found in its use in urban areas, has been the

inability for the model to account for relative change in the time-distance
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relationship of zones, such as might be the case where there are major
land use modifications or where there are changes in the transportation
network. Considering that on a statewide basis these changes do not occur
very often, this form of model could have a good future in statewide

analysis.

FRATAR MODEL (22). The Frataf Method is perhaps the oldest of the
widely used methods of trip distribution and forecasting. The procedure
was presented by Thomas J. Fratar to the Highway Research Board in 1954.
It is based on the assumption that the change in trips in an interchange
is directly proportional to the change in trips in the origin and destina-
tion zones contributing to the interchange; The distribution technique

employed in trip distribution is mathematically represented as follows:

Tayaer1) = Tagf3dFin

where: ij = —;—Ei——— Fik = Ti
121' T | £1 .,
and where: Tijk = trips between i and j for interation k
ij = destination factor j
Fik = destination factor 1 .
'1‘j = final desired total for destination j

_Ti'= final desired total for origin
i = origin zone numbers (i = 1,2,3,...,n)
j = destination zone numbers (j = 1,2,3,...,n)
n = number of zones

K = iteration number
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It is evident that the calculation:
Tijk?jk s Jj=1,...,n

must occur before F can be obtained., Hence the initial formula above

ik
represents a two-step programming process. The application of this process
to all zones represents 6ne iteration.

Two major disadvantages of applying this method are: 1) the use of
special trip tables and 2) the complex method of iteration. The Fratar
method requires trip tables and growth factors for all origins in the study
area. The FHWA program which is available to perform this method of trip
distribution is capable of applying the technique to more than one trip
table at a time. This is particularly convenient in statewide studies
where trips are divided into several types and purposes; however, there is
a limit on the number of trip tables which the program can handle as a
function of core area available for data sforage. Using this technique,

an area with an extremely large number of zones may require more computer

data storage than might be available and be rejected.

Growth Factors -

The most widely accepted method of projeéting a synthetic trip distri-

bution pattern into the future is the use of growth factors. The factors

are developed for each zone based upon the trip purpose within the zone and
projections are carried out in a series of successive approximations. To
insure that these factors are realistic, a large amount of socio-economic
data whicﬁ relates both to the type of distribution mcdel being used and
to the development of the zone or community is required. For this reason

the growth factor technique is most easily applied where there is home-
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interview type data. The growth factor is used most extensively in fore-
casting trips using the Fratar Method but the basic ideas can be adapted
to most types of trip distribution models provided that the model can
accept this type of data. In this method the number of future trips
between any pair of zones is directly proportional to the product of the
growth factors for the two study zones, adjusted for the relative attrac-
tiveness of other competing zones, and the factor that has been used for
trip generation.

When growth factors are used, it is necessary to make adjustments
to account for zones now vacant but which are expected to be developed.
Also, adjustments must be made for zones in which future land uses will
be materially different from existing land uses.

The greatest advantagg of the growth factor techniques is that they
reflect the many unique travel relationships that exist between many zones.
They are most applicable in slow growing areas which makes them ideal for
rural statewide studies. When applied to urban areas, however, the rapid
growth and development of suburbs and industrial areas make extensive
adjustment to the procedure necessary and the use of other mathematical
models is more practical.

California (23) develéped a method of projecting modal allocatioms
for intercity travel between 16 major cities into the future given overall
growth rates in travel. Through a number of surveys, specific growth rates
were determined for each of four separate modes of transportation. For
accuracy, these growth rates were correlated to socio-economic factors on
which data could be obtained. Population and average family income were

found to be the major factors influencing traffic volume within the corridor;
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therefore, it was decided to determine whether the present rates ofrgrowth
in travel over the four modes would remain constant or change with changes
in future préjections of population and family income. For example, the
future modal split was based on a total passenger volume projection
arrived at by using growth factors in the generation model and rate of
growth over each particular system. |

The first step in making these projections from the base year modal

split, shown on Figure II-5, was to establish some assumptions as to why
the participation rates varied as they did. These same assumptions then
could be used to estimate future rates. The basis for making these
modifications were listed as follows:

1. Analysis of the relative performance characteristics of each
mode over the corridor in 1960, projected for the future (this
included a projection as to whether the existing trends in the
participation rate for that mode will show an increase, decrease,

or remain about the same in the future).

2. Analysis of data collected in the 1960 and 1962 Natiomnal
Travel Market Survey conducted by the Survey Research Center.

3. Analysis of the participation rates themselves.

All of the four modes were considered, comparing their present growth
rates with expected service and demand for service projected into the future.
It was found that a projected increase or decrease in participation of one
of the carriers would create definite changes in the other modes and further
that through careful analysis these ehanges could be predicted based on
economic factors. Perhaps one of the most important factors noticed in
this study was technological development. The future of each mode except
the automobile seemed to be extremely dependent on future developments in
technology for transportation systems, and these developments could not

be easily inserted into the growth factor techniaue.



30

FIGURE II-S

BASE-YEAR PERCENTAGE PAETICIPATION OF FOUR MOLES OF TRANSPOKFATION FOR TWENTY
SELECTED CITY PAIRS WITHIN TIE CALIFORNIA CORR1LOR

L T NP R ST T G 7 T C R

1960
Percent-ze of Intercity
City Pair ® Total Truffic Distance

Code No. City Pair . Auto Air Bus Rail {air miles)
Bakersficld - Los Angeles  ~ 99.1% 0.2% . 0.7% a 101
Bakersficld - San Diego 89.7 1.2 9.1 - 212
Fresno - Los Angeles " 92.8 2.5 3.8 0.9 204
Los Angcles - Sacramento  78.8 14.4 4.7 2.1 361
Los Angeles - San Diego 95.3 1.6 1.8 1.3 111
Los Angeles - S5an Francisco 75.1 18.8 1.6 . 3.5 347
Los Angeles - San Jose " 88.9 5.2 1.7 . 4.3 305
Los Angeles - Santa Barbara 99.2 d.l 0..4 0.3 87
Los Angeles ~ Stockton 92.0 1.7 5.6 0.7 319
10 Sacramento - San Dlego 63.2 22.0 14.8 - 473
11 Sacramento - San Francisco 98.0 0.3 1.7 - 74
12 Sacramento - San Jose 9.2 0.2 0.6 -~ 83
13 San Diego - San Francisco 60,1 30.6 9.3 - 458
14 San Diego - San Jose 83.9 1.7 4.4 - 416
15 ) . San Diego - Santa Barbara 93.6 1.7 4.7 - 188
16 San Diego - Stockton 97.3 2.7 - - 430
17 Bakersficld - Fresno® 92.4 0.5 6.2 0.9 103
18 Bakersfield - San Francisco®? 83.9 6.8 5.1 4.2 " 241
19 FyEens ~ San oEd . 80.3 4.5 15.2 - 315
20 Fresno - Szn Fraicisco? 87.1 3.9 6.1 2.9 161

Twenty-route weighted average 94.0% 3.3% 1.7% 1.0%

~ .

== mcans none,

a, Less than 0.1 percent.
b. Total traffic and auto traffic based on estimates made, using Eq. (2).

Source: Stanford Research Institute,
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Zone and Network Development

As previously discussed, data collected in Origin Destination Surveys
has to be coded to some form of coordinate or grid system. In urban trans-
portation studies, in order to apply social or economic factors to trip
origins or destinations, zone boundaries have to be defined and tied to
the data. . In an urban area, a zone may be anything from several adjacent
blocks to an entire neighborhood or suburban community. Whatever the size
of the zone, the models used in synthesizing urban traffic have given
reliable results for many years. There are, however, many problems
encountered when attempting to apply these techniques on a statewide
basis. Modifications of the basic models that are neceséary where applied
to intercity traffic have been discussed. Additional problems encountered
in déveloping a statewide network of zones and highways will be presented
next.

The questién of how to divide a state of several thousands of square
miles into zones is a complex one. Whatever zone size is established, it
will have to be serviced by a portion of a total statewide highway and
road network consisting of many thousands of miles of highways of various
quality. If one seeks to deél with a system of small zones, he faces a
very detailed network and the problem becomés enormous. If, on the other
hand, a pattern of large zones is chosen, the network becomes generalized
and the assignment process may becomelpoor and unrealistic. Each state,
therefore, has had to expend a considerable amount of effort in order to
find the level of fineness or coarseness in their network which works best
for them. Figure II-6 illustrates a typical network. It is hoped that the

differences between zone and network assignment techniques presented in
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this section may be of some benefit to states which are in the process of
drawing up zones and highway networks for intercity traffic analysis.

The first statewide traffic analysis work was accomplished using
multiple screenline studies. These studies left the states with a myriad
of 0-D data which had to be coded onto some system. Care had to be taken,
howeﬁer; in selecting the zone system if an older screenline study was to
be used as a basis since the new zone system could-be no more detailed
than the data collected over the screenline. Also, where screenlines were
improperly placed in the past or did not conform to existing jurisdictional
or demographic boundaries, problems arose in a few states regarding the
uniformity of zones and thg'aécuracy of trip information. In Missouri,
an eaflier cordon line study around urban areas conducted at the time of
the Mississippi Valley 0-D Survey placed the cordon lines considerably
closer to the city proper than was later found appropriate (24). This
error was reflected throughout the zones surrounding urban areas and, as
a consequence, estimates of originating volume were too large, and the
use of these originating wvolumes in the original estimates of zone-to-zone
volumes produced results which were significanfly larger than those
observed in the survey. Therefore, a correction factor had to be used to
adjust these volumes to agree with the survey data.

In assigning O0-D data to zones, three different systems of selecting
zone boundaries have become common. The first and most widely used is the
use of civil or jurisdictional boundaries. This method allows for the most
convenient means of collecting socio-economic data since much of the census
data is compiled using identical boundaries, and other required information
is often available through local sources. Since a traffic analysis zone

attempts to represent a specific homogeneous aggregation of population,
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economic development, recreational activity, land use or any combination
of these, the zone's size and characteristic will differ considerably from
one geographic area to another. Zone size will also vary according to
the nature of the transportation survey. |

The Kentucky Statewide Traffic Model Study presents a good example
of selecting zone boundaries based on civil boundaries (4). Under "Instate
Zone Development Criteria" the reported sfated,

"Zones should be defined so as to contain a relatively homogeneous
set of activities. Zone definition should take into account the
availability of activity and travel data for the analysis areas,
both present and future... In rural areas of Kentucky the zone
will, in most cases, be coterminus with the Census County

Division Boundaries. The Census County Division presents a
convenient analysis area of appropriate size and for which data

are generally and conveniently available. In addition these units
should retain their identity for a considerable period of time
since the boundaries are established as physical features... Urban
places between 5000 and 25,000 usually are significant traffic
generators and should be treated as individual zones. Urban areas
greater than 25,000 have all been divided into analysis areas for
urban transportation studies. These urban study zones will be
aggregated into analysis areas to a size more appropriate for state-
wide analysis... Areas which for onereason or another, because of
the nature of their activity, are capable of generating traffic
volumes greater thanm 5,000 interzonal trips and similar areas which
are currently being planned will also be considered for delineation
as separate zones."

Figure II-7 illustrate zones established over civil jurisdictions
in Wyoming.

The second most widely used system of coding trip information to a
zonal system is the use of a grid-coordinated system. In an early studyi
in Illinois, origin and destination data were coded to a coordinate system
defined by 1/10 degree of latitude and longitude. Trip terminals in cities
of 2500 population or more in Illinois a;d neighboring states were coded
on the same grid system within the city boundaries. Likewise smaller cities’

with more than 250 population were coded on the system. Trip ends for
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places in Illinois with less than 250 population were coded on the grid
in the approximate centroid of the county. Instead of coding OD data to
civil zones such as township; or counties, this method loads them on to a
specific coordinate, thus simplifying a system with a possible infinitum
of trip origins and destinations. Usiﬁg this system, zones still have to
be established which include the loaded coordinates so that socio-economic
data can be collected and applied to the trips.

Figure II-8 illustrates a grid system utilized by Connecticut in
assigning trips to zomes. |

Wyoming also used a grid coordinate system consisting of zones wﬁich
were ten miles square. The state was thereby divided into:999 zones.
Trip terminals within each zone were assigned the number of that zone.
It was found in Wyoming that for the purposes of travel analysis, all of
the individual 999 zones were not required, hence they were aggfegated into

"traffic analysis zones,"

varying in character and size, according to the
following criteria:
l. Recreational areas of prime significance

2. County seats

3. Towns and cities that accounted and/or would account for a
significant share of trip ends within each county.

4. Known natural resource development areas

L, o Similar geographic regions without distinguishable differences"
in socio—economic characteristics

6. County boundaries were not to be crossed by traffic analysis
zZones.

Using this method, a set of zones was developed which was composed of 220

internal zones and 23 external zones.
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The final method of zone development is derived from the case in which
a state is attempting to correlate older multiple screenline data to a
finer zonal system. Such an example is the State of Wisconéin. The
coding system for the Mississippi Valley Origin and Destination Survey
utilized both civil units and geographic data. Therefore ﬁhe zone system
developed for analysis of highway travel between all of the zones had to
correlate to this data. Furthermore, all available existing socio-economic
data and anticipated projections of such data are by civil subdivisions.
Thus incorporated cities, villages and civil.towns became the building
blocks for larger zones. The larger zones were then established based
on civil subdivision boundaries and the MVOD screenlines. This resulted
in a double zone system where there is a base of smaller zones (a maximum
of 699) and a set of 24 larger zones termed “cells" which correspond to
the screenlines of the original survey. Oqu with this type of zone
system could the screenline data be directly used as a basis for traffic
analysis.

Figures II-9a and II-9h show the locations of "cells" and zomes in
Wisconsin conforming to the MVOD screenlines.

In 1972, Creighton, Hamburg, Inc., Consultants, prepared a report for
the Pennsylvania Department of Transportation dealing with the merits of
using a sjstem of both large and small zones and correspondingly coarse
and fine networks (25). The paper described two alternmative approaches
to stétewide transportation assignment. One technique calculates and
assigmrs long trips to a system of very large zones. Then, in the second
pass, the shorter trips which have not been assigned in the first stage

are calculated and assigned to a finer network of zones, and finally, if
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necessary, there is a third stage in which short trips are assigned to a
very fine zone system. In the alternative approach, a subregion or
corridor is delineated within the state and trips are simulated and assigned
to the network within the subregion. In this second approach the size of
the zone and coarseness of the network are directly related to the length
of travel and are automatically selected by the computer programs.

In both approaches the obvious advantage is the same. The method
permits the use of whatever degree of fineness or coarseness needed to
simulate traffic patterns. It permits the use of fine grained detail
in geography and network for the representation of those trips whose
synthesis requires a detailed network but does not require that a fine
zone system in one part of the state interact with a coarse zone system
in another area. The present methods of network and interzone trip analysis
could be used as a basis for either approach.

Obviously a '"superzone" or regional highway system will conform well
to this proposed approach with no additional data requirements from methods
presently in use other than perhaps a system of identifying a hierarchy of

routes between locations.

Computer Technology

Perhaps the largest boost to efforts in developing Statewide Transpor-
tation Assignment Models in recent years is the battery of computer programs
available from the Federal Highways Administration, U.S. Department of
Transportation. Since these programs have become an invaluable tool in
modeling traffic patterns, this section of the report will be devoted to
a brief summary of the available programs and a look at some of the methods

developed for their use.
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The FHWA published a listing of their programs in a user's manual (26)
intended to assist transportation agencies in building and maintaining
computer program libraries and to show where the battery of programs can
be used as a transportation planning tool. The following is a list of
programs which have been found invaluable to statewide transportation
planning efforts:

BUILDHR - Build Traditional Historical Record. This program
reads link data cards, edits them, and unless errors are too
numerous, prepares a historical record containing descriptive
print records, a link parameter record and one historical
record for each node in the network.

BLDSPTR - Build Spiderweb Network. This program reads coordinates
of notes and constructs a network.

BUILDVN - Build Minimum Impedance Paths. This program reads the
historical record created by BUILDHR and prepares designated
outputs.

CAPRES - Apply Capacity Restraint. This program reads in link
capacities and loadings from traditional historical records and
then adjusts link travel times according to a predetermined rela-
tionship of volume to capacity on the links to achieve a balanced
assignment. ?

COMPARE - Compare Network Assignments. This program is set up to
generate statistical data indicating the amount of similarity
between two sets of data. It has proved most valuable in comparing
loaded networks, loads to counts, loads to capacities, and one

load to another load.

FORMAT - Variable Formats of Historical Record. This program formats
traditional or spiderweb historical records. By use of appropriate
control cards, the program can be instructed to print detailed
information on a link by link basis or accumulate selected values
from the network.

FRAT - Fratar Program. This program adjusts and outputs given
trip tables according to the Fratar formula.

GEALPHA - Annotate Network Nodes for Plotting.

GECBWP - Plot Bandwidth Displays of Link Information. Figure II-10
shows a bandwidth plot showing traffic volumes on links.
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GEPLOT - Prepare Single Line Plots of Network. The output of this
program is a tape to be used as an off-line input to a CALCOMP
plotter (see Figure II-11).

GEPREP -~ Prepare Network for Plotting.
GESERT - Insert Node Coordinates in Historical Record.

GM - Gravity Model Program. This program distributes zonal pro-
ductions and attractions according to the gravity model formula,
outputting resultant trip tables and printable reports summarizing
total attractions and trip length distributions.

LNKCOST - Compute Link Travel Cost, This program reads speed-cost
curve data cards, edits them and updates the HR by addition of
link cost words.

LOADVN - Load Trips on Network Links. This program reads the PATHSI
data set created by BUILDVNand loads specified trips from A TRIPSI
data set. An HRI data set is read and updated and output as a
Loaded Historical Record. '

PRINTHR - Format Historical Record. This program prepares a printout
of selected data from the traditional network historical record
file.

PRINTLD - Format Historical Record Link Volumes. This program
prepares a printout of the data from a loaded traditional his-
torical record. Among the data which can be printed are counts,
capacities, turning movements and link loads.

PRINTVN - Format Zome to Zone Paths. This program formats for
printing, traces to selected destination zones from selected
origin zones. Traces may be nondestructive or iteratively
destructive.

TRPTAB ~ Trip Table Builder. This program will use a variety of
inputs to form trip tables.

UPDTHR - Update Historical Record. This program is a dual purpose
program for either building or updating traditional historical
record files. In "update" mode it will add/delete/change links
and data in existing HR files. In "build" mode, it may be used as
an alternative to BUILDVN under certain circumstances.

BEHMILE - Obtain Vehicle Miles of Travel. This is a general purpose
program capable of reading single or merged trip tables on one
TRIPST data set and up to eight IMPEDI data sets and preparing
single or merged vehicle mile trip tables on one TRIPSO data set.
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VOLAVG - Average Volume, Speeds and Times. This program is used
to develop weighted averages for time, speed, turning movements
and directional volumes for each link in the historical record.
VOLAVG uses the loaded link records from up to 15 iterations of
data.

Figure IT1-12 illustrates a flow diagram which is typical of ones used
as a basis for putting a statewide transportation system on computer.
With attachments, this basic process may then be used to test the results
of various trip distribution models.- Figure II-13 shows the form that
was used by the Wisconsin State Highway Commission to code link data

into the system.
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SECTION III
SELECTED ABSTRACTS OF STATEWIDE
TRANSPORTATION STUDIES

The previous section provided a large spectrum of mathematical for-
mulations and techniques which have been found to be of significance in
analyzing and describing intercity travel patterns. This section will
extend the previous discussion by summarizing many of the existing prac-
tices in comprehensive analytical statewide planning. The purpose of this
section is to provide a cross section of information pertaining to state-
wide studies, networks and models which may be of value to agencies which
ave contemplating the development of a statewide planning system or are,
in fact, in the initial development phases.

The result of the questionnaires sent to planning agencies, consulting
firms, universities and other research agencies revealed that out of res-
ponses from 45 states, 30 of the states were working on a statewide
transportation planning system siiilar to the one being developed in
Kansas. Of these 30, the states of Minnesota, Pemnnsylvania, Massachusetts,
Wisconsin, Califormia, Connecticut, Nebraska, and Rhode Island have com-
pleted development of traffic models. 'Texas, New Hampshire and Delaware
have limited capability models and the State of Virginia has replaced the
statewide type of study with a comprehensive plan of urban studies in all
areas of 3500 population or more. The Canadian Transport Commission has
also responded with the report that most of the present effort being spent
in transportation system analysis in Canada is directed at intercity
public transport. There were only 11 states that reported norwork in

the field of statewide tramsportation studies or assignment models. Four
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states reported that work had been started on development of a statewide
traffic analysis and planning procedure but had been stopped for various
reasons. South Dakota, Missouri and Oklahoma could not obtain sufficient
results with their initial work.

In order to present a desirable cross section of the studies which
have been performed and to give as much insight as possible into the
techniques involved in statewide traffic modeling the following abstracts

from studies conducted in 12 states are presented.

California (1966)

The State of California completed a multimodal passenger movement
s:udy within a centralrcorridor connecting 20 of the state's major cities
{23). The following socio-economic variables were tested in a regression
analysis of the surveyed traffic patterns. A major consideration in
determining the_variables is that they must be truly independent of the
effects of traffic volume,

Population Product (Xl). In a relatively homogeneous ecomomic area,
one of the wvariables likely to be the most important in determining the
amount of intercity travel between the two cities is the number of people
in each city available to visit or be visited. This may be thought of in
terms of the number of possibie pairs of individuals, one in each city,
who might have occasion to communicate. The number of pairs for any given
city pair can be measured by the product of the populations of the two
cities. This product became Xl.

Intercity Distance (XZ)' The distance between two cities can be

thought of as a limiting factor or deterrent for travel in determining
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the traffic between them. The intercity distance variable also can serve
as a substitute for time and cost variables with little loss of accuracy
thereby limiting the number of variables in the demand equation. The direct
air distance from city center to city center is used as X2 in this model.

Weighted Travel Time (Xz'). This variable was introduced to help
reflect future effects of technology on travel deterrents between cities.
The variable is the average total trip time required to travel between
each city pair by each of the four modes of travel. The average is weighted
by multiplying the travel time on each mode by the percent share of the
total traffic accounted for by that mode.

Income (X3). The personal income per capita was found to show a measure
~f the ability of the potential travel market to make intercity trips. The
personal income per capita variable (X3) is derived for each city pair by
adding the combined personal incomes of the two cities and dividing by the
combined population. An alternate income variable (Xs') is the median of
the combined incomes of the two cities and yet another altermative wvariable
(XBH) is just the combined personal incomes of the two cities.

Industry of Employment (Xé)' A final variable was derived to reflect
the pattern of business and commercial travel between the two cities in
the pair. It had been found earlier that employees of the different
industries had different propensities to travel. The following index
numbers were derived to reflect this: wholesale and retail trade (1.47);
manufacturing (0.63); Agriculture (0.45). From the combined employment
of these industries, the variables (X4) is obtained by multiplying each
index by the percent employment in that particular industry and then

adding all three weighted factors.
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The demand model took the form:

Log Y =D

where: Y

+ bl LogX1 + b2 LogX, + b3 LogX3 + b4 Long

0 2

total intercity traffic expressed in thousands of
passengers

Xl’XZ"" = various independent variables
bl’bZ"" = respective coefficient assigned to logarithms

b0 = constant

The following equations achieved very good results er = estimated traffic

produced by each equation).

1)

(2)

(3)

(4)

(5)

Log ¥_ = +5.45772 + 1.09733 LogX; - 2.57510 LogX,
Log Y_ = +1.65502 + 1.04782 LogX, - 2.86064 Logx;
Log Y, = -7.17021 + 0.96040 Log X, - 2.46169 LogX, + 3.72306 LogX,
Log Y_ = ~13.82646 + 1.03359 LogX, - 2.48166 LogX, + 5.02282 LogX}

Log Y_ = -24.62032 + 1.06277 LogX; - 2.50507 LogX, + 4.52065 LogX}

+ 6.37492 LogX, .

The final equation included the industry of employment variable and was the

best of

the models tested with R2 = 0.984.

The sources of data for this study were numerous. Automobile travel

data was obtained for the most part from a large regional origin-destination

study conducted in the Los Angeles area and was supplemented by smaller

studies

done by individual communities. In order to mesh this data for

automobiles with data sets from other modes of transportation, the sizes

of the origin and destination zones usually had to be modified. For example,
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in work done at the Stanford Research Institute dealing only with air
traffic, it was found that it is necessary to define "cities" as areas
larger than covered by the city limits in order to account for the broad
areas served by major airports. Also, other common carrier data commonly
assigns to a city of carrier origin or destination, all of the traffic
moving through its terminal, even though partly drawn from many surround-
ing communities. In order to establish growth rates for automobile travel,
data was obtained from continuous traffic counters and compared over a
number of years. Data from common carriers was obtained from samplings
of tickets or drivers' passenger manifests (in the case of bus travel.)
The airline and rail carriers summarized their sample data for an entire
vear while it was sufficient to obtain bus data for only one month.

Along with this data collection, methods were devised which would
place a specific cost per passenber mile for each mode of tramsportation.
This information would provide an alternative impedance variable in the

distribution model if required.

Pennsylvania (1966-67)

Two unique traffic assignment models can be found for the State of
Pennsylvania. The first was devised by the Pennsylvania Department of
Transportation in 1966 (27) and the second was formulated by Villanova
University in 1967 (28).

The first model was the result of a statewide origin -- destination
study conducted in 1963. The study consisted of 500,000 roadside interview
stations and ten screenlines: three to intercept east-west traffic, two
lines to intercept north-south traffic, lines at all four state boundaries

and a line which represented the Pennsylvania Turnpike.
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The state was divided into 149 geographic zones taking county
boundaries as the primary zome division with additional county subdivi-
sion being carried out as a function of the location of significant
population centers. Ogt—of—state area was divided into 14 adjacent zones
based on the criteria that each out-of-state zone contain a city with
population of at least 30,000 - 100,000 located within 40 miles of the
state border, and 19 regional zones that did not contact the state border.

Eleven cities were selected for detailed analysis as to their state-
wide trip generating characteristies. Trip production and attraction
equations were developed for each of three vehicle types: auto, light
tvuck, and heavy truck. An example of the results are these equatioms

Zerived for automobile travel:

~1.68.2 + 2.2v/a0"%

TP =
= 0.4
TA = 0.4(1.9TE + P)/A
where: TP = trip productions

|

TA = trip attractions

V = auto registration

TE = total employment

P = population
A = zone area
The trips were then distributed using an intervening opportunities

model of the form:

_ _L(ZA+A.)
T.=Pi(eLZA—e ]

ij )
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where: IA = summations of attractions considered prior to reaching
zone j
Pi = total trips produced by zone i
Aj = derived factor to express the probability of trip acceptance
e = base of natural logarithm.

The model was calibrated to give acceptable results. Since small rural
communities did not fit the general equation for trip generation, their
attraction and pioduction factors were determined independently. Compari-
son of outputs from the trip-length frequency distribution revealed that
net travel characteristics were within 11 percent of the surveyed trips.
The final assignment resulted in an accuracy with average weighted errors
of 28 percent for passenger traffic and 50.percent for-commercial traffic.

The second statewide traffic survey which was conducted by Villanova
University involved only a 45 county area (less than half the state) which
constituted the rural or non-metropolitan area. The intention of this
survey was to simulate rural traffic patterns. The study area was divided
into a grid network comprised of units approximately 7.8 miles long and
4.8 miles wide. Trip data from the 1963 OD survey was coded into this
network.

For the development of the trip genmeration and distribution model,
12 socio-economic variables were originally selected. However, due to
problems in applying all variables to the grid, only four independent
variables were finally used;

No. of automobiles (A) = 118 + 0.02837 (Residential Population)

Employment by Residence (E) -59 + 0.03576 (Residential Population)

Housing Units (H) = =73 + 0.3128 (Residential Population)

Daytime population (D) -704 + 1.195 (Residential Population)
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In order to develop a distribution model, the trip information was
stratified by type of origin and destination and trip purpose. From both
linear and non-linear relationships it was found that the non-linear trip
characteristics were best suited for trip distribution. For rural-to-
rural areas, then, the following generation and distribution models were

derived:

45.75 - 117.8E + 812.0H + 2.78R - 61.04D + 511.1A

dO.Z

Work Trips = -129.8 +

31.59 - 144.3E + 71.8H + 16.46R - 1.51D + 70.75A
0.2
d

Shopping Trips = -25.9 +

40.78 - 604.7E + 66.6H + 36.75R — 37.68D + 558.6A

d0.2

Other Trips = -106.9 +

where: E, H, R, and A are defined above and d is the trip length.
Checks were performed by comparing actual versus estimated trips at

. internal stations and by screenline analysis. Comparing at interview

stations, this model yielded a correlation of 0.71. Using small screen-

lines, the highest percent error obtained was 37.6. Finally, a comparison

on the large statewide screenlines revealed a highest percent error of 12.3.

Wisconsin (1968)

In developing a Statewide Traffic Assignment Model, the State of
Wisconsin tackled the two biggest problems facing most state highway
planners today (2). First, as a method of pointing out a need to be able
to predict future transportation requirements and as a mechanism for putting
to use the output from the statewide traffic assignment model, the State

Highway Commission of Wisconsin developed a process of "priority planning.”
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By 1967, according to a study conduct. by Wisconsin, less than half
of the states had a method of priority determination for highway improve-
ments. To date, establishing priorities has been based to a large extent
on intuitive engineering judgement. It was noticed, then as today, that
excercising this judgement to provide planning for the transportation
system required now, and the system required twenty years in the future,
is becoming increasingly complex and demanding on those who must make these
decisions. Because of the complexity and the magnitude of the highway
and transportation systems of most states, it was envisioned that in order
to meet the needs of the future, improvements in program management must
be made.

The program of priority planning developed by Wisconsin involves four
basic steps;

1. developing a functional classification plan for the state
highway system,

2. determining the future transportation needs and improvement
requirements based upon that plan,

3 determining future revenues based on projected transportation
systems, and

4. relating future transportation needs to future revenues.
Notice that the first two steps of this program can be adequately met by
the Statewide Traffic Assignment model. It was recognized by the State
of Wisconsin that the parallel development of priority planning method
and the statewide traffic assignment model would greatly benefit its future
highway and transportation program.

The second large problem, then, which Wisconsin chose to tackle was

the reclassification and development of the state's arterial highway system.
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A close inspection of the system was necessary because the trip distribution
model was based on sufficiency of routes and travel time and these two
factors depended largely on the functional classification of the route.

It was recognized that the completion of planned facilities would modify
the use of certain other routes and therefore change their functional

class and sufficiency.

One of the early attempts to conceptualize functional highway systems
on a statewide basis was the development of intuitive, limited, single
purpose highway planning schemes. The planning.staff was Interested in
studying the differences and similarities which would emerge when socio-
economic, land use and other long range planning factors were used inde-
pendently as a basis for developing functional arterial system schemes.
Schemes that were tried linked urban centers via existing o planned
arterials on the basis of population ( connecting cities and towns of
lower population to nearest communities with higher populatien), trade
center activity (wholesale and retail activity), recreation activity,
directional travel patterns, population distriﬁution and even the volume
of long distance telephone calls.

A final arterial network was arrived at for both the 1960 and 1990
travel patterns. Collector and local highways were then added to comprise
the entire network, Local highways with an ADT of less than 300 were not
included in the metwork.

The main source of data utilized in developing the assignment model
in Wisconsin was the Mississippi Valley Origin and Destination (MVOD) study

that was conducted in 1960. Since all available and anticipated projections
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of socio-economic data were by civil subdivisions, incorporated cities,
villages and townships became the building blocks for larger zones. Since
the MVOD produced data for réther large zones, Wisconsin developed a syétem
of two level zone analysis. (Refer to Figure II-9). "Célls" were intro-
duced which were approximately equal to or larger thaﬁ the MVOD zones. It
was decided to first devise a traffic model for intracell travel and then
expand to include the rest of the zones and cells in the state.

Out of a total of 24 cells in the statewide system, one "test" cell
was selected for a detailed analysis. In the report, it was not stated
exactly what basis was used to select the test cell. An auto trip génera-
tion curve was developed by computing and plotting for 27 study areas
within the cell, the external auto trip ends per one thousand population.
The auto trip generation curve was then applied to all 43 zones within
the cell to obtain a complete listing of trip ends. A net gene;ation
curve was then developed eliminating intrazonal trips and accounting for
special traffic generators such as state parks and recreational areas.

The formula devised to eliminate intrazonal trips within the cell was
as obtained from the following linear relationship:

y = 87.38 + 0.0749 X, - 1.1491 X

1 2
where: y = % of gross trips generated which are intrazonal.
Xl = % of total zonal population living outside the urban area..
Xz = ratio of total zonal perimeter to the total zonal area

expressed as a percent
The net trips generated were distributed using a gravity model of

the form:
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E.F..

ij
T.. = E,P |
ij i ij ZEx i3
where: Ei’Ej are the number of trip ends in zones i and j

is a factor indicating the proportion of trip ends at
zone i which are associated with the type of exchange
connecting zone i to zone j

i3

Fi' is a "friction" factor associated with travel time between
J zones. This factor was found to decrease with increasing
travel time and generally approximates an inverse expo-
nential relationship
IE F, 1is the sum of the products of the trip ends in all other
zones in the considered land use exchange and their res-
pective friction factors

To verify the results of the model, a comparison of assigned traffic
vilumes to base year ground counts was made. In the test cell, it was
found that assigned ADT was less than 1.5% higher than ground counts and
assigned vehicle miles were less than 3% higher than the actual vehicle
miles for all rural links. The average assigned volume was 1.46% greater
than the average existing volume and the total weighted average error was
58,98%.

The process as described above was applied to all cells within the
state with less promising results. The weighted average error for all
cells was 106.61% and a comparison of plotted values showed trip ends in
large cities were underestimated, and if there were two or more large
cities within a cell, the trip distribution was poor. A technique based

on the Fratar model was devised for adjusting these errors, and also for

forecasting future travel using growth factors.

Oklahoma (1968)

Research at the University of Oklahoma led to a unique traffic model

developed from the basic gravity model (29). This model which was applied
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to highway traffic in the state of Oklahoma was of the form

!
a.(SM x SM)

0

T = 2

D 2

where: SM = Social Mass
D = Distances between study areas
T = Number of trips
a5a,3, = Regression constants

The term "social mass" was an attempt to break down population into
its resulting activities. The problem became one of isolating and analyzing
the constituent parts of a community of population center and applying
them to a combination trip generation and distribution model. The indi-
vidual elements which were considered a part of social mass effect were
retail sales, number of retail establishments, number of service establish-
ments, and number of hotels, motels, and tourist camps.

It was decided to use a Gaussian Least Squares Technique of regres-
sion analysis to study each socio-economic parameter as well as its
corresponding regression constants aysay53y- To reduce the computer time
required for the analysis, the logarithm of both sides of the equation
was taken, rendering it linear. The following model results:

log T log D

= log a, + a,log (SMi X SMj) -

ij i %2 ij

Rounding off the distance to the nearest mile and calculating the regres-
sion constants for each parameter separately, the original formula assumed
the form indicated below for each of the separate independent parameters

or variables:
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Population (P) - Distance (D)

6.372(p, « P,)0-608
- i

ij Dij2.372

T

Retail Sales (RS) - Distance (D)

7.537(RS, - RS.)0'562
= 1 J

Tiw =
ij D 2.386

ij

Number of retail establishments (NR) - Distance (D)

1448.114 (R, - MR,)2-673
T,, = =
13 o 2.401
ij

Number of service establishments (N) - Distance (D)

279.177(N5i . NSj)o'789

Tyj = o 2-457
ij

Number of hotels, motels, and tourist camps (H) - Distance (D)

18867.046 (B, + H y0-746

|

Iz = 7.3%
ij

The program output used by Oklahoma also listed the statistical
characteristics of the models. Analysis showed that the parameters
studied have nearly the same estimating power. All of the regression
constants were significantly different from zero and the standard errors
of the estimates were nearly all the same, ranging from 0.847 to 0.865.

It was obvious from this that all of the parameters were stating the same
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things; hence the next test was to see which parameter had the most signifi-
cance. To accomplish this, an "overall” model was assembled using all of

the parameters.

log T,., = log a, = allog(Pi?j) + azlog(RSiBSj)

ij

+ a log{NRiNRj) + a,log(NS ist)

3

+ a log(HiHj) + a610g D

5 ij

This model yielded the following statistical results:

standard error of estimate s = 0.802
R? = 0.768
F = 33.297

Thérefore the F ratio tests indicate that the constants are significantly
different from zero. A "T" test on the parameters showed that distance
was the most significant with t = 153.9674, followed by service establish-
ments (t = 2.2969), and then, in order, lodging (t = 1.5108), popglation
{(t = 0.2623), retail establishments (t = 0.0993), and retail sales (t =

0.0529).

Minnesota (1971)

Minnesota combined some interesting techniques in arriving at their
statewide model (30). First, in collecting origin - destination data,
even though travel analysis zones were sized with a minimum population of
2500, only urban areas with more than 5,000 population, with a few excep-
;ions, were included in the stud?. In addition, one major recreational
area and all major highways crossing the state line were scheduled for
roadside interviews (see Figure III-1). Population data were collected to

relate the number of trips observed to and from an urban area to the



64

CITIES, METRO AREAS &
STATE-LINE CROSSINGS
SCHEDULED FOR INTERVIEWING

LEGEND

CITIES & METRO AREAS
HAVING FIORE THAR
S000 RESIDENTS

SELECTED TGS
0O HAYING LESS THAH
5000 RESIDEMTS

RECREATION AREA

STATE-LINE CROSSIAGS
<> SCHEDULED FOR
INTERVIEWING

FIGURE III=-1

AREAS SELECTED FOR OETAINING ORIGIN-DESTINATION
DATA FOR MINNESOTA'S STATEWIDE MODEL
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number of persons residing various distances from the town. TFour dif-
ferent measures of population were used as a measure of the independent
variable:

i 1960 population

2 1966 population estimate

3. 1960 population adjusted for seasonal variations

4, 1966 population adjusted for seasonal variations
Population adjustments were based on seasonal variation of traffic flow on
highways serving urban areas.

A curve was first established relating generated travel to populatiom.
Tre equation for this curve was:

Y_ = Anti-log (1.587 + 0.604858 log X)

where: Yc trips

X = population
Further analysis indicated that when trip length frequencies and populations
were compared, there was a trend showing more trips per person in the
studied area as the area population increased. The small cities, where this
trend was more apparent, were split into four population groups. The data
from trip length frequency tables were then plotted as length of trip versus
trips per person (see Figure III-2). The line values from these curves
would be used to distribute the trips generated by the final médel.

Of interest to the developers of this model were the observed fluctua-

tions in the traffic in certain highways during summer months. In order

to look at these variations more closely, the state was divided into areas
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according to travel purpose and the ratio between volume observed in
separate summer months and the average summer monthly volume for each

category as listed below was studied for significance.

June July August  Summer Average

1. farm to market 110 112 116 113

2. some recreational 118 129 127 125

highly recreational 125 142 142 136

4. very highly 139 182 166 162
recreational

From these observations, expansion factors were developed and applied to
urban populations within these areas. Also, an index was derived for use
in the trip generation model which coﬁld make final adjustments related to
trip purpose.

By regression analysis it was found that both a straight line and a
curvilinear model could represent the associated population and travel.
The results are listed here:

Straight line models:

T = 4914 + 0.516 (1960 pop.) + 3192 {(Index)
T = 4533 + 0.55Q0 (1966 pop.) + 3166 (Index)
T = 4732 + 0.418 (1960 adj. pop.) + 2980 (Index)
T = 4354 + 0.445 (1966 adj. pop.) + 2929 (Index)

Curvilinear models:

0.600

42.84 (1960 pop.) x (1.422)1ndex

T

where: T = total trips generated.
The choice of index was based primarily on geographical considerations

and land use. It was found that many areas located in the lake areas of

north and west-central Minnesota (areas associated with high tourism)
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required a '"+1" index. Some areas in the predominantly agricultural area

of southern Minnesota required a "-1" index with the remainder of the afeas
in the state requiring no adjustment of a "Q" index. The actual assignment
of index values to different zones was based on an analysis of the traffic

volumes and the model being used to estimate traffic.

Michigan (1972-1975)

In the early 1970's, the State of Michigan Highway Department, Trans-
portation Planning Division (31), began work with statewide transportation
assignment models. In the introduction to one of the several publications
released by Michigan on the subject of statewide models, the following
comment sums up the trend toward statewide planning:

"In order to more efficiently allocate the public resources
available, some highway agencies have turned to analysis of
transportation at the statewide system level. States which
have developed a statewide traffic forecasting model have
recognized that effective planning must take into account the
comprehensive review of many interrelated factors. To this
end, selected highway planning agencies have modeled the entire
transportation system, complete with social, economic and
environmental aspects of travel (32)."

Michigan has currently completed work on models for automobile trip
assignment and multi-modal trip distribution and is presently working with
a commodity flow model.

The first model set up by the state was for highway travel only.

The state was divided into 480 internal zones, and 30 external zones were
established outside the state. With the exception of Detroit, zones were
based on individual townships or combinations of townships because

population information and forecasts were available on this basis. It

was found also that the townships were sufficiently large to provide the
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necessary degree of homogeneity within the zones. The highway network
connecting the zone system was comprised of all state trunk highways ané
a selected portion of county roads. This network included 30-35% of the
entire road network of the state.

Various independent factors were studied as to their applicability
to the assignment model. In a statewide model, when zones have been
established as nearly homogeneous areas, population and economic factors
become indistinguishable in most cases and tend to merge into a single
measure of traffic movement potential. It was established that throughout
the state, at any given point in time, car ownership appears to be depen-
dent on population. Other data collected indicated that total intercity,
motor—vehicle travel is quite constant and independent of location of auto
registration. Accordingly, it was decided to use only population as a
factor in trip generation.

Time, distance, or cost factors serve as a measurahle deterrent to
travel. The deterrence is not based solely on diétance; the quality and
capacity of roads as they influence travel times, costs and aesthetic
values will also influence the allocation..

The highway trip assignment and distribution model developed by
Michigan was capable of allocating traffic to individual highway liﬁks.
With modifications, it also could be used to distribute traffic on a
series of roads or road combinatiocns such as might be observed when traffic
is redistributed because of an overloaded route.

The trip generation equation developed from regression analysis was

as follows:
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0.89 Pc + P0-19

(general trips) N =1.04 Pc' "‘_'Erji_“

0.8 Pc 3 P0.11

(heavy truck trips) N = 0.062 Pc' ————ﬁ—g———

where: Pc = zone population
Pe = external ring population (within 30 miles from zone center)
= interzonal trips generated in each direction
P=P +P

¢ e

Certain limitations were noted on these early models shown above because
of data from various surveys not "mixing' very well. It was also noted
that the "tune up" or calibration procedures used were crude.

In 1974, Michigan published a report on work with multi-modal assign-
ments. The work of developing traffic assignment in this report is
handled entirely by computer programs. Three major programs, PATH, MODAL
SPLIT, and NET LOAD combine to give good results for transportation
planners. This new modeling system holds the '"potential for addressing
many questions which are currently at issue, such as branch line abandon-
ments, avoidable costs, subsidy tradeoffs between modes, and induced

revenues generated by improvements in frequencies of service (33)."

Tennessee (1973)

Tennessee has recently completed the initial phases of development
of a statewide multi-modal transportation model (34). Based on limited
origin-destination data which was already available for trips originating

in 7 of the 95 counties in the state, the following model was formulated:
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By %, o5
Trips(ij)h + trips(ij)a = BO(BiBjPin) [(timeh) (costh)

o 43

a
+ aa(timea) l(costa) 2(1—e-K freq.) 310.9

where: subscript h refers to highway variables
subscript a refers to airline variables
k = 0.12 from earlier work
Bo,BljBi’ Bj
Qo sl 50ss0a, = calibration constants
a

4°%s

Analysis produced the following values for these constants:

B, = 0.1
Bl = 1.76
Bi ranges from 0.08 to 1.35 depending on the county
@, = 05 = -1.46
a; =0, = -0.72
ay = -1.13
a = 6,2 x 107
a

The results showed (34) "an acceptable degree of accuracy as measured by
overall averages" but the report pointed out that there were large dif-
ferences in volume between certain city pairs.

The data collected for this first trip model included; automobile
trip data from 7 county origins to all other counties, scheduled airline
volumes between 9 counties within the state collected from a 10 percent
sampling of ticke;s taken by the Civil Aeronautics Board in 1967, highway
travel times and distances on the statewide network, scheduled airline
travel times, costs and frequency, 1970 county populations and the fractiocn

of families with incomes greater than $10,000 as taken from census records.
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A more extensive transportation need survey was being planned in
1973 with the objectives of determining the number of trips taken over
a one yvear period on all modes of transportation. The survey was to be
conducted using a combination of Home Interviews (mailed questionnaires)
and roadside interviews. Actual interviews were to be conducted on
stations along low volume roads while license numbers only would be
recorded on freeways and other high volume routes and questionnaires
would be sent to the owner of the wvehicle. General availation traffic
would be surveyed by questionnaires mailed to owners registered through
the FAA, and bus companies would be asked to summarize their passenger
manifests over all routes.

The State of Tennessee decided to use four screenlines across the
state and a cordon around the state border primarily to separate local

travel from intercity or interstate travel.

Rhode Island (1975)

In 1961 the State of Rhode Island conducted the Providence Metropolitan
Area Transportation study which obtained travel data in an area contain-
ing 89 percent of the 859,488 state population. With only a small percentage
of the state travel data remaining, it was a minor task to gather data for
rural travel simulationm.

The state was divided into 497 internal zones, and 53 external zones
were férmed outside the state based on census tracts, Based on social
and economic data available for all of the zomes, the following two sets

of generation equations were developed:



73

Work Trips = 66.95 + Q.81 LF

Shopping Trips = 20.07 + 0.66 A

Social-Recreation = -27.12 + 1.10 A

Non-Home based = 44.08 + Q.09P + 0.1ME + 0.4TE + 0.61SE

Miscellaneous Trips = 55.47 + 0.76A

Work Trips = 179.19 + 0.62E

Shopping Trips = 158.10 + 1.32TE

Social-Recreational = 205.39 + 0.18P

Non-Home Based = 46.71 + 0.9P + 0.8ME + 0.43TE + 0.34SE
Miscellaneous Trips = 80.70 + 0.9P + 0.55TE + 0.89SE

laborlforce

where: LF =
A = automobile registration
P = population
ME,TE,SE = manufacturing, trade and service employment
E = total employment.

The gravity model was used to simulate trip interchange.

In 1971 Rhode Island conducted another extensive 0-D survey to update
their statewide traffic assignment model (5). Rhode Island's unique method
of using cameras and videotapes in conducting the external survey ﬁas
heeﬁ previously discussed. In addition to this form of roadside interview,
a home interview survey was conducted by telephone over a random sample
of 1420 units over the state. Questionnaire surveys were also developed
for airline passengers, taxi drivers, mass transit riders, airport
employees, and trucking companies. A sample of some of these forms can

be seen in Figure III-3a, II1I-3b and III-3c.
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Ings. There will be five
$20.00 prizes and thirty
$10.00 prizes, We hope
thet you take advaniage
of this opportunily fo
help improve lransporta-
tion in the State, and lo
perhaps win a cash prize.
Pleese complete the
questionnaire and telurn
It lo the dviver, or mail it
foday — poslage Iree.

Your peration In

Phag informatron wdl boheid i sincles! conl.dence

N 29550 /‘\ ALLINSON INC.
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THC PLACE i CAME FROM IS LOCATED:

Iﬁeumltmvmm-oluurm

i MLL-GET OFF THIS WS AT:

7

[Nesresl Maior Builting hane of Nesrasl Strret Corngr) [City o2 Towa Mamg)

1 AM GOWNG 7O (Check One). -
() Home ] Shopping O ARecreational Activity
Q work 1 ASocaat Aetivity ) School {] Conducting Personal Business

9 THE PLACE | AM GOING TO IS LOCAT D AT {Record inal Desunation)
&uﬂm—riln-ulnnﬁoiq-n

AFTER LEAVING THIS FUS 1 WILL GET TO MY DESTINATION BY (Gheck Ona)
1 0 Walking O Aste 0 Teein
O Tasi 0 Bus 0 Other

0F Oibar, Specidy}

Eﬂl-lmm

15 THIS TRIP PART OF A ROUND TRIP BY BUS TODAY? (Checkone) O Yes O No
¥ “Yes™, vecord the slarting tima of the Irip in s
11 2e'coronic asecuon: AM
m:—-um.:-;-m-in

:.LEI.SE A:MH THE fOLI.UWING I'NIEE GU&.TIOHS ABOUT AUTOMOBILES
12 2 Are you a kcensed drwver (chockone) (] Yes ([ No

b. How many other persons i your family are begnsed drivars?

€. How many sutemobiles 40 you have w the famdy ?

13 WHAT IS YOUR OCCUPATION?
i ferampiy: Salwsptraon. Wactuie Dperatae, Studenl. Rotired. o'c §

1 WHAT TYPE OF INDUSTAY ARE YOU WORKING IN? __
irnamgia Jeeetn Miiclatiel-ag Jeesty Wheisriaie Jewsiy Beiad Cty Guvarament,
Stale Gueernmnt Facars . 1]

15 ARE YOU MALE OR FEMALE? (Clrcle Ona)

s important survey is
sppreciated, )
‘Mm;w

AFTEN COUrLLIING 115 CAKD, PLEASE GIVE IT TO THE DRIVER OA DROP 1T IN ANY

WHAT 1S YOUR AGE7 {Circle One}
1 s 5—16 e 22— 0. 60—84
b. l?-—-ﬂ ¢. 35 ﬂ h. l.’omdm

e 45—54
l S&-——!!
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17 €. 2000 —4979 e B8.000— 9979 g 15000 — 19,999
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ﬂ.E-llSE RECOAD YOUR MOME 'I[LI'.PHONE WHBLR. m vl BE CALI.(CI [

1 YOU AL A FRIZE WINHLH OR W
ADOITIONAL INFONMATION IS MECESSARY. .

U.5. MAIL
THANK YOU

!
FIGURE III-3c

QUESTICNNAIRE DISTRIBUTED TO MASS TRANSIT

PASSERGERS IN RHODE ISLAND'S SURVEY
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The main reason for this second study conducted by Rhode Island was
to update statewide data and computerize the 1966 synthetic trip distri-

bution system.

West Virginia (1975)

The West Virginia Department of Highways, in 1975 was in the last phase
of developiﬁg a statewide traffic assignment model (35). They have
established the traffic study zones, a base network, socio-economic growth
factors, and have developed several traffic assignment models based on
different socio-economic parameters.

The traffic zone system was established on a given criteria of
developability. Consideration was given to population, land use, potential
trip generation, barrier to travel, geometric shape and accomodation for
traffic assignment. Centroids were identified for trip loading with
special attention paid to the prospect that future development might create
the need for additional zones. The instate zone system was comprised of
909 zones; there were 134 external zones established outside the state
borders with the majority of these being in the surrounding five states.

The base year highway network included all major rural and urban
roadways which presently carry statewide and interstate travel. It was
believed that a network of this magnitude is of sufficient size so that
80 to 90 percent of all intercity travel in the state could be simulated.
With the inclusion of major highways and interstates which lie outside
the boundaries of West Virginia, the network is also extensive enough to
provide proper assignment to interstate trips passing through or near the

state.
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Within the State of West Virginia, the initial basis for the network
was the facilities open to traffic in 1969 on the Legal Functional System
of Highways and the National Functional Classification Study. For the

" "trunkline," and

base network, these systems included the "expressway,
"feeder'" systems also known as 'principal arterial", "minor arterial," and
"major collectof“ systems depending on what classification system is
referred to. These systems in general provide for most trips over 10

miles in length and interconnection of population centers of over 200
population.

With the development of the highway network, centroids were established
for each zone. All trips that began or ended in a traffic zone were assumed
to be loaded on the network at the centroid. The location of zone centroids
was then based on a judgement as to the distribution of trip ends within
each zone. The density of development in each zone and the type of
development, i.e., commercial, residential, were used to locate centroids.

With the network established, such information was cobtainable on
link distance, link speed, traffic content geometrics, etc., so as to
determine a sufficiency rating over all routes.

The initial step in the development of a trip generation and distri-
bution model for the State of West Virginia was to conduct a study of
intercity travel between 18 urban centers. A functional relationship
between trip volumes and socio-economic characteristics of their origins
and destinations was established by use of regression analysis. A summary

of the results of that initial study are as follows:
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1. A set of trip generation equations was developed for total
trips, home based, shopping, work, social and recreational,
and non-home based purposes. These are listed on Figure
III-4.

2. Interaction type models involved populations and travel time
functions were developed to describe the trip distribution
relationships¥*, )

3. A competing gravity model was tested for twelve cities of
this study. The results obtained from this model suggest that
"this method can be efficiently used to describe intercity
trips throughout the state%.

4, Characteristics of the trips underlying travel between com-
munities were analyzed through correlation, regression and
trip length frequency distributions. These results were in
general agreement with those of other states of this type#.

5. The findings of the study indicate that it is also feasible
to predict trip generation and distribution relationships for
travel hetween small communities based upon the same approach
and techniques¥,

Nebraska (1975)

Nebraska's objective in the development of a statewide traffic assign-
ment model was for research to fill several other needs related to future
traffic assignment (36). The model is intended for use as an aid in fore-
casting traffic on the state highway system and major feeder roads, in
forecasting traffic on a proposed freeway-expressway system and evaluating
these facilities in terms of probable traffic diversion, in evaluating
future highway needs on a statewide basis, in assigning functional
clagssifications, in assigning project priorities, in programming stage
construction plans, in supporting requests for federal aid funds, and

for other similar purposes,

#Details of these findings are published in a report entitled, West
Virginia Intercity Trip Generation and Trip Distribution Relationships,
by Plummer and King, Civil Engineering Department, West Virginia
University.




RECOMMENDED REGRLSSION EQUATIONS FOR ALL CITIES

Trip Type

Equation

Total Trips - (T;)
Home Based - (T3)

Home Based ¥ork —(T4)
Home Based Shop - (Ts)

Home Based Social &
Recreation - (Te)

Non-Home Based - (Tsl

2236+45.74 WREMP

17¢9+1.33 AUTO+4,2¢ WREMP
554+0.39 1K

265+0.71 INC J,ooo-o.ss EDU

142+0.38 AUTO-0.28 EDU
301+0.80 WREMP

0.82
0.85
0.87
0.69

0.73
0.78

VREMP = Tholesale and retail
HH = Kumber of households in

trade emnployment
the community

EDU = Nunber of pcople with at least 4 years of high school

INC = 4,000 = Number of people with incomes greater than €4,000/yr. |

REdBESSIO& EQUATIONS BASED O CITY SIZE

r T .

City Size Group Ciiaiis Equation R
1, POP 5,000 Total Trips, Tl =-923+7.78 HE-465 0.92
*N=25 EDU :

Home Based, T, | 85.75+2.76 EH 0.70
) Kon-home BaSEd.TS 705+.621 AGE 14-.58/0.76
: PCAP :
2. 5000 pOP Total Trips, Tl 1.57 POP+0.36 0.925
lo,000
N=4 F
’ > Home Based, Tj .280 AUTO+310 0.85
i . MEDSCH
Ron-llome Based,Ts 0.43 EMPL-0.034 POP(0.90
3. POP 10,000 Total Trips.'Tl 1.07 AUTO+.132 PCP [0.91
N=25
Home Basced, T3 2.50 HI+1181 MEDSCH
-.286 AUTQ 0.98
Non-Home Bascd,Ts 0.10 ENPL+0.03 POP |0.92

N = Mumber of cities in group

R2 = Coefficient of
Source:

determination

Relationships Final Report, November, 1973
Pgs. 64, 65, 67, 68 and 69

REGRE33ION

WEST VIRGINIA STATEYIDE ASSI

vy

—_w

FIGURE ITI-}

NEENT MODEL

West Virginia Trip Generation and Trip Distribution

ATIONS FOR TRIPS DEVELQFED FCR THE
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An example of this diversified intent was the use of the data collected
in the initial 0-D survey. Besides being used in the development of the
assignment model, the data served an immediate need to provide required
input to pending corridor and bypass studies.

For the 0-D survey, roadside interviews were conducted in a fashion
gimilar to that used by Minnesota. A total of 49 stations were set on a
stateline cordon. Urban cordon lines were established around larger
Nebraska towns. Existing external cordon line information from urban
transportation studies for three large cities was used in connection with
the data being collected. 1Initially it was felt that sufficient data
conld be collected by cordon lines set only around towns of population
3500 or more, but it was later decided that in order to develop the
capability for subsequent ;efinement and periodic updating of the model,
external cordon lines would also be set around a 12,5% sample of the 152
Nebraska communities between 500 and 2500 persons. It was noted that the
exclusion from the sample of the 335 or so towns with fewer than 500
inhabitants was based on the hypothesis that these towns generated a
negligible percentage of the average summer weekday traffic on the
assignment network since their residents constituted only 5% of the
state's population.

It is of particular interest to note the method Nebraska used in
developing between zomes in the trip generating equations. The state
was divided into 882 zones of which 70 were classified as "full zones"
because they had a full cordon of 0&D stations. The remaining 811 zones
were classified as "non-full zones" since most of them contained only

towns with population of less than 1,000. It was decided to aggregate
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groups of zones with similar population densities within certain areas so
the sample populations would be large enough for statistical calculations
during the development of the generation equations. This aggregation gave
a sample of 36 zones to be used as base data. Zones with populations
greater than 5,000 were excluded from the sample because all such zones
were full study zones and there was no need to generate trips for them
(see Figure III-5).

Two groupings of sample zones were tried in an effort to improve the
accuracy of generation equations. One grouping separated zones by popu-
lation with one subgroup of populations of 2,500 or less and the other
for over 2,500. The other grouping was based on the population density
in which the zones were located. All zones in counties with demsities
of 10.5 persons per square mile or less were included in a subgroup
called the western zones and the remaining zones were in the other sub-
group called eastern zones (see Figure III-5). The best fit to the base
data was obtained using the population density grouping. The resulting

regression equations were:

Ti = -1,38 + 1.24]?i for eastern zones, and

Ti = 149.13 + 0.855 Pi_for western zones
where: Ti = production and attraction for zone i

Pi = population of zone i

The root mean square error of the estimate for the generated trips
was 0.26 trips per person for both eastern and western zones. This
represented an error of 27% of the mean for the western zones and 21%

for the eastern zones. The greater relative error for the western zones
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was probably due to smaller sample size and greater disparity between zones
within sample. While these errors were larger than desired, they were

considered acceptable at the 807% confidence level.

Wyoming (1975)

Wyoming, in conducting their statewide traffic survey, used two
mathematical simulation techniques not found very often in statewide
traffic assignment (6).

The first of these simulation methods was used to distribution trips
entering the state from surrounding areas. This simulation was necessary
because Wyoming conducted their primary Origin-Destination survey by
ruestionnaires distributed to residents only. With this approach it is
possible to use Origin-Destination data collected at the entry point to
distribute "foreign" trips throughout the state since there were no
internal stations set up which could pick up these trips. The method
considered two types of foreign trips: 1) trips passing through the state,

" and 2) trips having destinations within the state,

termed "bridge trips,'
termed "non-bridge" or "external" trips. The end result of this was a
distribution of bridge and non-bridge interchanges over all the possible
exists or destinations within the state based on a seasonal input of
incoming foreign ADT at each of the 38 roads crossing the state's borders.
The simulation model operated on one vehicle at a time using a
Monte Carlo procedure to determine whether the vehicle was on an external-
internal or a bridge trip. The process was repeated until the number of
vehicles processed was equivalent to sixty days traffic on each of the

raods leading into the state. The model is mathematically formulated as

described below:
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N, 38

K:1 i=1,2,111,38
n=1 j=0

where T.,, = the number of trips from entry point i to exit point j
Y if j>0; if j=0, T, is the number of external-internal

trips from entry point i to destinations within the state

k., = a dummy variahle, assuming a value of 0 or 1 under the
following conditions: If Pj < Rh < Pj + 1 then kj =1,

otherwise kj = Q.

R_ = a uniformly distributed random number in the interval (0,1)

P.,P. = lower and upper end points, respectively. The Pj's cor-

respond to a particular value of i and thus can represent
the probability distribution governing destination at
those trips entering at 1.
A similar model was developed for bridge trips which had a short stopover
at a particular community, recreational area or lodging facility.
The empirical trip distribution model developed to distribute trip
productions for the three types of travel studied sithin the state (non-

commercial resident, lightweight commercial and heavy commercial travel)

was a modified competing opportunity model.

Tyg = Cilydag
where: Tij = trips produced in zone i and attracted to zone j
Pi.= estimated trip productions in zone i that are attracted
to zones in distance band k
A = estimated attractions in zone j (in band k)
ik total estimated attraction in band k

The model used by Wyoming had two important differences compared to the
traditional competing opportunity model. First, the traditional model
stipulates that every opportunity (destination) within a given time or

distance band from the zone of origin has an equal probability based on
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the zones' total attractiveness to all other zones of being selected
Wyoming's model uses uniform probabilities based on the zones' attrac-
tiveness to the origin zone rather than equal ones. Second, the competing
opportunity model is calibrated by varying bandwidths until trip-length
frequencies match. Wyoming's model assumes the band widths to be con-
stant and is calibrated by adjusting the synthesized trip ends for each
band. A further modification was made to permit more extensive use of
sample data. This change incorporated trip length frequencies to trips

attracted to each zone as follows:

estimated number of attractions of trips of length
A = L to zone j
J total estimated number of attractions of trips of
length L to all zones in distance band k

Kentucky (1976)

The Kentucky Department of Transportation is in the process of
developing a comprehensive statewide traffic model (4). Perhaps the most
interesting research completed at this time on the project is the Home
Travel Survey which was used to collect socio-economic data across the
state for comparison with the base year 1970. This was the largest and
most time-consuming of the data collecting activities, and in terms of
model development, the most important.

The household travel survey (HTS) was designed to collect information
on weekday and Sunday travel in order to maximize efficiency from the
survey process. Only weekday information will be processed into the model
format at the time of the survey, the weekend information being checked
only for accuracy as it is intended for use later in a weekend travel

model. The survey procedure included selecting a 1 percent random sample
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from automobile registrations for each county. A self-administered
questionnaire was mailed to each person selected for the sample. Resi-
dents receiving the questionnaire were asked to record information about
the household and about all vehicle trips made on one designated weekday
and one Sunday. Telephone and personal interview follow-ups were used
to verify or clarify responses from a subsample of 30 households per
county. Based on a FHWA recommendation, a minimum of 3Q responses per
county were obtained. The sample size was adjusted based on a pilot survey.

The HTS questionnaire and associated material were mailed third class
so as to reach the sampled households one or two days before the survey
day. The economy of fhe third class mail service, however, was over-
sﬁadowed by the low priority and resultant situation where the question-
naire-would arrive at the household after the survey day and sometimes
even after the first reminder letter. Two reminder letters were mailed. .
The firstlreminder was mailed first class so as to arrive three days after
the survey day and was sent to all the sampled households. Mailings were
accompanied by news releases on local TV and radio stations and in local
newspapers. The second reminder letter was accompanied by all the material
included in the initial mailing and was mailed if no response had been
received 12 days after the survey day. If no response was obtained from
the second reminder, no further effort was tried unless the household was
one of sub-sample elements. In that case, a home interview survey was
done 21 days after the second mailing.

Using this'system of surveying, the statewide response rate to the-
mailed surveys was 40% with a high of 53% and a low of 22%. Total

response rate after telephone and home interviews was 45%Z with a high
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of 65% and a low of 37%. TFigures III-6ba-c show the format for the mailed
household survey used in Kentucky.

A truck travel survey was conducted in a manner similar to the HTS.
Information was collected for specific registered vehicles. The same sample
elements were selected as 27 of the trucks with gross weight less than
26,000 1b. and 5% of the larger vehicles. A stéte-wide sub-sample of
2,500 was selected for telephone and personal follow-~up interviews.

Field 0-D surveys were also conducted to check information ohbtained
through the household and truck surveys. The surveys were conducted at
about 20 locations in the state on selected main rural roads, including
principal and minor arterial highways.

A stratification scheme relating certain geographic and economic
variables was devised. The scheme was based on research reported in

Highway Research Record 240 to correct for non-response bias.

At the present time Kentucky plans to use a gravity type trip
distribution model which will be caiibrated using zonal trip end data
synthesized from trip generation equatioms. Factors will be used to
adjust the model until the model trip lengths distributions match those
produced from factored survey data. The model will be internally inter-
ated to balance trip attractions. Separate distribution models will be
developed for each trip purpose used in trip generation analysis. As an
additional check, the network will be loaded and model volumes checked on

specific screenlines, and cutlines will be compared to ground counts.
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APPENDIX B-3

KENTUCKY STATEWIDE TRAVEL SURVEY
- HOUSEHOLD TRAVEL SURVEY CUESTICNNAIRE
Housshold Dote

Pleose tecord the date of your Survey Doy. (See upper right hand comer of
TRAVEL OATA sheet for Survey Doy)

Me. Doy Yr.
Where is your houschold located?

e, Ifi1is in o town or city, pleose record the house number, sireet nome and city.

b. if itis in a rural orea, please record the name of the neorest place or community
{no motter how small} or the nearest road intersection. If on intersection is used,

please give the nome or pumber of both roads. A RURAL MAIL DELIVERY
ADORESS 1S NOT USEABLE IN QUR SURYEY.

Location:

How mony persens live in this househald? (Do not count those who ere gencrally
awoy to school ond room away from home.) :
Number
Whot is the age of the head of the househald? Check oppropriate blank,
0. If husband - wile fomily:
1. Under 25 4. 35-44
2. 25-29 5. 45-44
3.30-38 & 65andover
b, 1f ether than husband - wife family:
7. Under 85 8. Ovar &5

Please indicate the sum of the gross aanual income of oll persons living in
this household. Check the oppropriote blank.

1. Under $2,000 6. $10,000 - $11,%%9
2. 52,000 - 3,999 7. $12000-$14,999 ____ ____
J. §4000-85999 B. $15,000 - 524,979
4, 35,000 - §7,999 9. $25,000 and over
5. $3,000 - $9,999 - :

For eoch of the vehicle types listed below, please record the number that
ore nosmally availoble for personal use by the members of this household.

JYPE NUMBER
Pessengor Cors or Station Wagons

Pick-up or Pone! (Example: Ford Econcline)

Other Single Unit Trucks

Yroctor - Troiler Combination

FICURE III-6a

FIRST PAGE OF MAILED QUESTIONNAIRE
USED IN KENTUCXY'3S STATEWIDE STUDY

PLEASE DO NOT WRITE
N THIS SPACE

CARD NO.: m

SAMPLE NO.t

LI

1]

5w 7T W BN

%

EEEER

89




7. Please estimate the miles driven last yeor in eoch of the vehicles menticned

ebove;

8. u. Please o11ign a Person Number to each person living in this hossehold who
Is 15 yeors of age or older; ond

b. Indicate with a check mark in the oppropricte column those who ore licensed

miles
miles
miles

miles

drivers and those who drove on Survey Day.

Person

Number

Heod of Household

Licensed

Drove On
Driver Survey Doy

1
2
3
4
5

Haod of Houssheld

9. For each prrson employed full -time and living of this heusehold, please

Person
Number

10. Telephone Numb

fist the locorion of his job. Refer to Question 2 for insructions on the
type of lecetion informaticn thet is desired,

Lecation of

Job

90

PLEASE DO MOT WRITE
IN THIS SPacE

L]
L1

LI T T T 1Y

CLLIT]

M 3 BB
41 42 9 1 s

6 7 4 o 5

LLLLIT]
LITTTT] |

4 &3 &8 67 1 @

Ve moy need 1o coll you to make sure we understond all your onswers,

What would be ¢ convenient time?

1. Please continve by filling out the TRAVEL DATA portion of the

questionnaire

FIGUFE I1I-5b

[I1LL1]

I A0

CONTINUATION OF :AILED QUESTIOMNAIRE
USED IN XENTUCKY'S STATEWIDE 3TUDY
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SECTION IV

SUMMARY AND CONCLUSIONS

The previous sections of this report covered in some detail a few
of the most important topics relating to the study and synthesis of
travel on a statewide or regional basis, Several hypotheses have been
advanced for intercity travel both in a theoretical sense and in current
studies. 1In all, the results of nearly 30 independent studies dealing
with the characteristics of intercity travel have been reviewed taking
in a time span of some 90 years. The most significant findings and
conclusions gained from this review are listed below.

1. A review of hypotheses advanced for intercity travel revealed
that the following concepts should be included in future
mathematical models simulating intercity travel:

a. Travel demand as related to socio-economic factors

b. Travel impedance function which may be related to other
factors in addition to distance such as travel time,
sufficiency of route, travel cost, mode of transporta-
tion, etc.

c. Attraction between "social masses" as well as the concept
of intervening opportunities to account for attractions
outside the pair of cities being considered

d. Vehicular versus other forms of transportation (modal
split)

2. The law of attraction between physical masses (usually taken
here to be groups of population) has been the most widely
used basis for the mathematical formulation of intercity
highway travel; however as more states move toward analysis
of multi-modal transportation systems, this model becomes
very complex. The Gravity Model is still the most widely
used format for trip distribution, but with more require-
ments for flexibility, the Fratar Model and the Intervening
Opportunities Model are assuming a more important role in
statewide trip simulation. Also, in some of the more recent
studies there is shown a trend toward the classical Multiple
Linear Regression Model of the following form:

y=ktb X +b,Xo+. oot X
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Where: Xl to Xn are independent variables relating
for example to zonal land use, and
socio-economic characteristics, and

b1 to b are the coefficients of the respective
independent variable and k is a constant

Current studies reveal no completely new mathematical theory

for use in intercity travel simulation with the exception,

perhaps of certain mathematical techniques advanced to define

Modal Splits. They do, however, show a very wide range of

innovations and offer several approaches in developing a state-

wide model. Many possible alternatives along each step of the
development of a transportation simulation model have been
shown.

The most frequently observed variations in intercity travel
have been due to trip purpose, socio-economic factors at the
origin (reflecting characteristics of the traveler), and geo-
graphic locality. These factors should be considered when
collecting data and selecting a model type or the variables
to be used.

The report has described three techniques of constructing
internal statewide traffic analysis zones. These were:
Zones based solely on demographic boundaries; zones based on
a statewlde grid-coordinate system; and zones based on state-
wide multiple screenlines. In the work reported on, there
has been considerable variation in both civil and geographic
divisions between states depending on the available traffie
data. Zone sizes have varied widely from census tracts of a
few square miles to counties or "super zones" of several
hundred square miles. While this variation is present, it
is important that the size of the zone selected should be
commensurate with the level of travel analysis desired, and
that socio-economic data be available for each zone in the
system. :

The treatment of external zones also has been varied. One
commonly used approach is to continue the internal zone system
into neighboring states, increasing their size as they become
farther away from the state's border until the whole of the
United States has been considered. Another approach has been
to consider entrance or exit points around the state border

as external zones and through a process of iteration, assign
trips from these zones to other zones within the state.

A highway network interconnecting all of the analysis zomnes
and representative of the roads carrying trips of a non-local
nature has been the most suitable for analysis. For most
studies reviewed here, this network has consisted of a system
of most state highways, some major county or township roads,
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and all U.S. and Interstate highways. Obviously, in con-
sidering air, rail or water transport, the networks would
have to correspond to whatever routes they operate on,

The most widely used sources of trip data are the external
surveys of existing urban studies, screenline surveys, and
roadside interviews; however, with requirements for better
data, more extensive surveys are being planned and have been
conducted in the past few years. Many of these recent
surveys, as has been shown in this report, have combined

the use of roadside interviews with mailed or telephone
surveys and have developed special questionnaires to be
distributed to users of various modes of transportation.
Considerable planning is required in these later types of
surveys to insure the proper data is collected in sufficient
quantities.

Computer technology has greatly aided transportation research
with its ability to perform rapid analysis and regression

and handle complex traffic assignments over large networks.

A complete battery of computer programs is available for
transportation researchers through the Federal Highway
Administration, U.S. Department of Transportation.

Many of the statewide studies being started in the past few
years have been closely tied in with long range state planning
programs with definite goals and objectives as to how to
utilize the completed analysis. This is a marked improvement,
it seems, over many of the early transportation studies.

The advent of multi-modal transportation systems has brought
with it a tremendous increase in data requirements describing
both traffic and social groups. As has been described in
abstracts of states using or developing multi-modal transpor-
tation models, the methods of collecting the data required

for such models will take increased cooperation between trans-
portation agencies, regional planning agencies and all common
carriers of both people and commodities. In addition, it has
been pointed out that these models require extensive study of
the social and economic factors in the areas where they are

to be applied. 1In order to arrive at a "complete" transportation
model, then, many different types of surveys will have to be
conducted and perhaps a composite model derived from the anal-
ysis of several different modeling techniques.
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ABSTRACT

A state-of-the-art literature review on statewide traffic assignment
models is presented. Various approaches for conducting transportation
need studies and for collecting data required for the analysis and syn-
thesls of travel patterns are reviewed for their advantages and disadvantages
under different conditions, and conclusions are drawn as to their individ-
ual merits. Theoriles and hypdtheSes advanced for the description of inter-
city travel are listed as they were developed over time and are examined
for their application in forming a basis for a statewide traffic simulation
model. Specific developments in the use of certain independent variables
in these equations are noted if the variable has been found later to be
of major importance in traffic simulation. 1In all, a historical development
of intercity travel models covering a period of over 80 years in 15 major
studies is included. Selected abstracts of recent statewide transportation
analysis projects completed or being conducted in 13 states are then pre-
sented. The abstracts deal with study proceedures, models used, results,

and are suggestive of present trends in statewide traffic assignment.
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