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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
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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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