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Chapter 1

INTRODUCTION

Problem Statement

Developing any regional transportation system is an uncertain

and costly undertaking. The fixed elements of a highway network or

mass transit scheme are very difficult and expensive to change.

Therefore, an intensive problem analysis should precede the design of

any transportation system. The systems that are being built must

adequately service the present as well as future populations. If these

i:ystems do not satisfy transportation needs, other systems must be

constructed to replac. them. The techniques and principles used in

analysing trip generation data have provided some insight into the

proper transportation systerns to be used in the future. Using this

approach, the authors decided to apply this type of analysits to the local

area surrounding Wright- Patterson Air Force Base, Montgomery and

Greene Counties. The basic problem of the research effort was to

quantify and relate the factors that affect ground passenger transpor-

tation in Montgomery and Greene Counties. Some of the factors

which have been found to influence ground passenger transportation

are population densities, land use, types of employment and their
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populations, and family size. Hopefully, the relationships between

these factors and the need for transportation will provide sufficient

information required to allocate scarce ansportation resources

wisely.

Background

The requirement for adequate transportation exists to satisfy

man's need for survival, food, shelter, and recreation. This need is

extremely critical in America today, where present transportation

schemes are deteriorating. Prior to the 1950's, the planning of most

transportation networks was based upon simple traffic counts. These

traffic counts recorded the traffic volume with respect to time on a

transportation route. If the traffic volume per unit time period was

greater than the existing route could handle, the route was either

expanded or supplemented. In an attempt to provide greater insight

"into existing travel patterns, origin-destination studies were accom-

plished. This description usually took the form of tables of trip

origins and destinations. Futare urban travel volumes were developed

by extending the past traffic growth rate curve into the future by extrap-

olation techniques. However, many transportation studies made no

projections of transportation requirements. These studies only

iU. S. Department of TralsIortation/ I'cderal 1 ighway Adminis-

tration, Bureau of Y il,lc Roads, Guti(ilne( s for I rjp G_ enermnion
iAnaly sis, NVa Shington: Governtl int Prninting Office, 1967 , p. 1.
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emphasized the alleviation of existing traffic problems while very

little was done to quantify the relationships between land use patterns

and travel for the solution of future traffic problems.

The approach of determining transportation requirements based

on the single parameter was basically unsound. There are many other

interdependent factors that must be considered in calculating transpor-

tation needs. Mitchell and Rapkin's book, Urban Traffic, a Function

of Land Use was one of the first books to question the validity of the

traffic count method of determining transportation needs. 2 Traffic

counts only described what route was traveled and the number of

ground passengers traveling on that route. This method could not

explain the questions of why and where the passengers were traveling.

Traffic counts showed that x number of passengers traveled on a

particular route past a particular point and thus could not actually

analyze the passenger's real transportation requirement. For exam-

ple, passengers traveled from point A to B on route AP. Maybe these

passengers' ultimate destination was not poirn B, but some point C

andwhere a commercial orbsupemndor a factorycorinto Traffic

S~counts indicated that route AB was a valid transportation requirement

• • iand that it could be expanded or supplemented according to traffic

volume. This faulty reasoning led to the allocation of transportation

i, 2 R. B. Mitchell and C. Rapkin, Urban Traffic, a Function of

Land Use (New York: Columbia University Press, 195 1), p. 150.
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resources to routes AB and AC whereas the real transportation

requirement existed along an undeveloped path AC. Figure 1, below,

illustrates this problem. Therefore, unnecessary resources were

expended in constructing additional routes instead of a single more

direct and cost effective route. This unfortunate situation can be

observed in many urban and suburban areas today where the shortest

distance between two points is not a straight line but a maze. High-

ways are usually expanded or modified when populations develop around

them. Secretary Alan T. Boyd, the first Secretary of the Department

of Transportation acknowledged this situation when he stated, "Don't

Destination- -Attractor
of Transportation

C BC B

AC % AB

r,

Srigin- -Producer
"N •of Transportation%

A

Transportation requirement indicated by traffic count

------ -Tie real transportation requirement indicated by tripend
generation analysis

Figure 1

Graphical Analysis of Hypothetical Transportation
Requirements in Area ABC Using Traffic Counts

and Tripend Generation Analysis

\
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forget that future innovations in transportation will have to be super-

imposed on a system that already exists--a system which is being

expanded and being built to last for a long, long time. "3 The classical

explanations to justify this maze was that transportation routes follow

populations. This rationalization was challenged by C. A. Doxiades

in his book, Urban Growth and the Future of the American City.

Doxiades found the reverse to be true; populations follow transporta-

tion routes. Figure 2, page 6, depicts transportation networks as a

4
basic factor in attracting populations. This conclusion received

recent public support when Dr. Paul Cherington, former Assistant

Secretaf'y for Transportation for Policy and Internal Affairs stated

that " . . We have been operating on a mistaken principle--the trans-

portation routes should go where the people are. It's wrong, people

tend to go where the transportation is!,'5 Therefore more emphasis

must be placed on analyzing transportation requirements. Since the

development of these new ideas, several recent transportation studies

have emerged which expanded the techniques of analyzing transportation

requirements. Some of these studies are mentioned in the following

3 Frederick C. Appel, "The Coming Revolution in Transporta-
tion," National Geographic Magazine, September, 1969, p. 314.

4 C. A. Doxiades, Urban Renewal and the Future of the Ameri-
can City (Chicago: Public Administration Service, 1966), p. 22.

5Appel, "The Coining Revolution in Transportation," National
] Geographic Magazine, September, 1969, p. 314.

'.4
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0 paragraphs.

Three classic or *,gnificant transportation studies were con-

ducted in the past two decades. The Report on the Detroit Metropoli-

tan Area Traffic Study (1953), The Chicago Area Transportation Study

(1960), and The Pittsburgh Area Transportation Study (1961) were

among the first attempts to use modern tripend generation methods for

predicting transportation requirements. In Chapter V of the Detroit

Study Report, it was hypothesized that "... travel in an urban area,

both in volume and spatial distribution is an orderly phenomenon. ,,6

If the key variables that affect travel and the result which each has on

travel can be isolated, then it is possible to predict tripends.

A basic question asked in transportation studies is why do the

transportation requirements and the factors that affect these require-

ments vary from one area to the next? The differences in population

density, existing road networks, and the availability of mass transit

account for most of the variance in requirements. The difference in

the factors that affect these requirements are more difficult to detect.

For example, why might the factors that produce tripends in Mont-

gomery and Greene Counties very from those factors found significant

in the Chicago Area Transportation Study? The answer lies in Rapkin's

hypothesis that transportation is a functic of land use. Two land areas

•,) tJ 6 Report on the Detroit Metropolitan Area Traffic Study, Part I,
Data Summary and Interpretation, Detroit, ,July, 1955, p. 77.
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with similar transportation facilities can exhibit different relationships

between the transportation requirements, measured in tripends and

such independent variables as employees per zone, dwelling units per

zone, and cars owned per zone. The reason for these different rela-

tionships is dissimilar uses of the land. For example area A may have

a higher industrial percentage while area B may have a higher resi-

dential percentage. This indicates that area A transportation require-

ments may show a significant dependent relationship on employees per

zone while area B's requirements may show a relationship to the num-

ber of dwelling units per zone. The total relationship of the number of

tripendsin both these areas depends on both these factors rather than

one or the other. Area A's requirement would be more dependent on

the number of dwelling units per zone than the number of employees

per zone. Figure 3, page 9, shows these two fictitious areas and the

possible tripend relationships. Therefore, the different relationships

between independent variables that affect tripends are partly the result

of different land uses. Next, the past transportation studies in Mont-

gomery and Greene Counties were explored.

Montgomery and Greene Counties have had a history of signifi-

cant transportation studies. Tammen and Bergendoff Associates of

Kansas City, Missouri, developed the Arterial Highway Plan, Daytont

Ohio, Urban Area in 1953. Harland Bartholomew Associates of

St. Louis presented A Report on Transportation, Dayton, Ohio, in

1957. This latter report involved an origin-destination (0-D) randonm



Re"sidential
Percentage

Percentage

A B
Significant Significant

Independent Independent
Variables Variables

1. Employees/Zone 1. Dwelling Units/Zone
2. Type of Employment/Zone 2. Cars Owned/Zone
3. Total Population/Zone 3. Total Population/Zone

Figure 3

Graphical Representation of Two Land Areas with
Similar Transportation Facilities Exhibiting

Different Relationships Between
Transportation Requirements

and Socio-Economic
Characteristics

sample sent to all registered vehicle owners in Montgomrn:y and

Greene Counties. In 1965, the Regional Transportation Committee of

Montgomery and Greene Counties completed the Regional Transporta-

tion Plan. This plan was based on the 1957 O-D study and forecasted

the transportation requirements and networks for the two counties

through 1980. The Regional Transportation Committee was succeeded

by the Montgnmery and Greene County Transportation Coordinating

Committee (TCC). The TCC was formed in order to continue research

and planning for transportation requirements in these two counties. In

the fall of 1968, the TCC conducted an O-D study which consisted of a

\5
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systematic rando-n home interview sample of one out of every fifteen

residents in the two counties. In order to validate the data from th-s

sample, a correlation analysis was run for the production of tripends

by the TCC. The purpose of this O-D survey was to provide a data

base for determining future transportation requirements. However,

the limited resources of the TCC ,"elayed the determination of these

transportation requirements. In the next section, the rationale behind

this analysis is discussed.

Rationale for Trip Generation Ana! j.s

The desired end product in trip generation analysis is an accur-

ate identification and quantification of trips beginning and ending in the

various analysis units within a transportation study area. These

tr~nend volumes are difficult, if not impossible, to forecast directly.

Decisions made in the househo]ds with respect to travel are attributed

to such diverse variables as the famrilies economic status, locational

environment, and demographic characteristics. The ultimate goal of

trip generation analysis, therefore, is to establish an adequate func-

tional relationship between tripend volumes and the land use and socio-

economic characteristics of the zones from which they originate or to

which they are destined. Trip generation analysis attempts to develop

relationships which help to answer such questions as: why does a

family living in a high rise apartment close to the central city business

district (CCI3D) average three trips per day, while the daily average for
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0 a family living in suburbia is eleven trips per day? Generally, these

questions can be considered in terms of three land use factors which

influence trip generation: intensity, character, and location. 7

Intensity of land use expresses the amount of an activity or

characteristic found in a given area unit and is usually stated in terms

of density variables such as dwelling units per zone or employees per

zone. Variations in intensity have a distinct impact on the number and

types of trips that are generated in a study area. Figures 4 and 5 on

pages 12 and 13, from the Pittbburgh Area Transportation Study illus-

trate that the number of trips per dwelling unit generally shows a

notable decrease as the number of dwelling units per residential area

(. _increases. An examination of Figure 5 indicates that a family living in

a house in a district with a density of ten dwelling units per acre makes

an average of six person trips per day, while a family in an apartment

house area which has a density of sixty dwelling units per acre makes

only three trips per day. Why was there such a disparity in the num-

ber of trips made over the scale of intensity? High rise apartment

communities often include small shops, grocery, and drug stores

within the buildings which reduce the need for vehicle trips to purchase

food or convenience goods. Jnner city households exhibit many of the

characteristics of the higher density areas. For example, small

"7 U. S. Department of Tiransportation, Guidelines for Trip Gener-
ation Analysis (Washington: Government Printing Office, 1967), p. 7.
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* (9corner commercial establishments are often located within easy walk-

ing distance so that fewer vehicle transit trips are ncessa-'y. The

density in both the high rise apartment communities and the inner city

areas, in terms of dwelling units or h3useholds per residertial acre

would fall on the lower, flat portion of the curves in Figures 4 and 5

on pages 12 and 13. Previous studies have indicated that when resi-

dential density falls below approximately ten dwelling units per acre,

trip generation rates rise quite rapidly as demonstrated in Figures 4

and 5. This is the case of the spacious suburbs where the family car

is not only a way of life, but a necessity. Most trips made by a house-

hold will be via this means. The convenient corner market, which was

• k_) common to older inner city neighborLoods, is now the giant one hun-

dred acre shopping center located several miles away.

The trip land use intensity relationship is not sufficient to form

the basis for the entire residential trip generation analysis. Although

the relationships in Figures 4 and 5 appear to be highly significant,

they do not explain all the variation in trip generation. If the total

variation was accounted for, all the data points would describe a

single, smooth curve that can be expressed mathematically. Obv:ously,

then there are other factors influencing trip making. One of these

other factors concerns the characteristics of the household reflecting the

socio-econornic identity oi the analysis unit. For exampi 2, two vari-

ables associated with residential land use that are indices of household
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characteristics are family income and car ownership. The inten •i.

of residential land use in terms of dwelling units per zone may be

equal. The characteristics of these households, such as family income

or family size, may be different. The contribution of a variable

describing these characteristics is quite evident in the explanation of

trip generation. For example, families in the higher income ranges

are often multi-transport vehicle (i. e. motorcycle and cars) families

which result in increased mobility. Low income families often do not

own a car and must rely on public transit, thus generating fewer

privately owned vehicle trips. Higher income families exhibit an

increased amount of travel from the home for purposes other than

work. This increase in trip generation is found in the shopping and

social recreational purpose categories. These general assumptions

were tested and found to be valid in the Kansas City and the St. Louis

O-D studies. 8

The number and factors that affect tripends provide useful

information to the transportation planner. The number of tripends

acts as an indicator of transportation requirements of an area and

provides the planner with a decision tool for allocating resources. The

higher the number of tripends an area exhibits, the higher priority it

will receive in further transportation analysis and resource allocation.

8U.S. Department of Transportation/Bureau of Public Roads,

Guidelines for Trip Generation Analysij (Washington: Government
Printing Office, 1-)67), pp. 11-12.
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The relationships between the number of tripends and the factors that

affect them is important in updating and forecasting tripends. Tripend

equations resulting fron. vialidated O-D surveys are good for about ten

years. 9 A significant increase in any of the tripend parameters such

as population can be used to readjust the basic tripend equations.

Therefore, tripend generation analysis has been. very useful to the

transportation planner in determining transportation requirements. In

the next section, the scope of this particular trip generation analysis is

specified.

Scope.

The thesis was limited to research and analysis of the ground

passenger transportation modes of car, truck, and bus in Montgomery

and Greene Counties in Ohio. Figure 6, page 17, depicts the analysis

area covered in this thesis. It did not, however, address itself to the

present political conditions, zoning 'laws, or fiscal requirements neces-

sary to implement and support the conclusions of this study. Further-

mere, the thesis did not define the traffic control systems or networks

needed to satisfy the transportation requirements in these two counties.

Only internal production and attraction of trips within these counties

were studied. Internal trips (i. e. tripends that originate and terminate

Mr. Ron Rude, Tran sportation Planner, Montgomery and
Greene Counties Transportation Coordinating Committee, in a personal
interview. June, 1971. Permission to quotc secured.
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within the two counties) were analyzed because they comprised from

eighty to ninety percent of the movements in a study area as deter-

10
mined in previous transportation studies. This research effort was

restricted to determining tripend volumes and the relationships various

socio-economic factors have upon tripend production. These socio-

economic factors were occupation, population density, employment

density, car ownership, school enrollment, and dwelling unitE per

zone.

Objectives

The following were the objectives of this thesis:

1. To extract selected trip generation characteristics from

the 1968 TGC Origin-Destination Survey.

2. To identify and quantify the tripends in Montgomery and

Greene Counties.

3. To provide equations for estimating tripends for zones

within Montgomery and Greene Counties.

From these objectives the following hypotheses were developed.

Hypotheses

1. The socio-economic characteristics of occupation, popula-

tion density, employment density, car ownership, school enrollment,

10U. S. Departmnent of Transpnrtation/ Burcau of Public Roads,

Guidelines for Trip Generation Analysis (Washington: Government

Printing Office, 1967), p. 51.
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and dwelling units per zone are all significant for use as predictors of

both tripend productions and attractions in Montgomery and Greene

Counties.

2. There are differences between variables in predicting

tripends in Montgomery and Greene Counties.

t ,I

r4



Chapter 2

METHODOLOGY

Nature and Source of Data

The data used to test the hypotheses was obtained from the 1968

Montgomery and Greene Counties Transportation Coordinating Commit-

tee (TCC) Origin and Destination (O-D) Survey. The request for and

authority to use this data is cited in Appendix A. The survey consisted

of a systematic random sample of one out of every fifteen households in

Montgonvery and Greene Counties. For the study the TCC divided the

(_j area into 825 traffic zones. The data collected was gathered through

home interviews with a response rate of 93. 5 percent. Appendix B

contains the forms used for this interview. The data was stored on an

800 Binary Coded Digit, nine track magnetic IBM tape. The separa-

tion of this data into different categories is contained in Appendix C.

Appendix D contains a printout of the first 100 records on the tape

arrayed in the format specified in Appendix C. The TCC completed

validation of this data prior to the beginning of this thesis. Despite

this assurance, the authors ran their own validation program and found

errors in the TCC tape. These errors were mainly t?.e result of

inaccurate keypunching when the tape was made. All of the errors on

the tape, which totaled to forty, were corrected by means of an edit

20
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computer program.

The 1968 O-D survey data is recent in terms of transportation

studies since O-D data for forecasting transportation requirements

usually lag analysis by five to seven years. For example, the results

of the 1965 Montgomery and Greene Counties Transportation Plan were

based on an O-D survey that was seven years old. As has been previ-

ously stated, the results of trip generation analysis are usually valid

for forecasting transportation requirements up to ten years. Only the

occurrence of unexpected events such as the emergence of new manu-

facturing, recreational, commercial, or residential centers or a

natural disaster in a zone can invalidate trip generation equations. If

the magnitude of these events was not too extreme, the equations could

stjil be used. The major reason for trip generation equations to

remain valid for such a long time is that socio-economic characteris-

tics of an area do not usually change rapidly with respect to time. 1

Characteristics such as dwelling unit density, employee density, and

number of cars owned per person remain fairly constant in time.

Therefore trip generation equations remain valid as long as these

characteristics remain fairly stable. In order to properly produce

trip generation equations a logical method of classifying and extracting

the data was required.

1 llMr. Ron Rude, Transportation Planner, Montgomery and
Greene Counties Transp'•rtation Coordinating Coniniittee, in a personal
interview, June, 1971. Permission to quote secured.
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Classification and Extraction of Data

The data store$ on computer tape was arranged on two cards.

Card one contained household information while card two consisted of

trips produced by each household. There were a total of 15, 008 card

ones and 123, 874 card t-vos adding up to a total of 138, 882 cards on

the tape. Table 1, page 23, shows the independent and dependent

variables used in this thesis. Since data for the survey was collected

by households, the independcr.t variables were sorted and accumulated

by zones of residence. The dependent variables which reflected

tripends were classified and aggregated according to one of two

elements, the zones trips were produced in or zones trips were

attracted to. Production and attraction tripends were categorized

respectively into zones of origin and zones of destination. Further-

more, since the survey was based on a systematic sample of one of

every fifteen households all the variables were multiplied by a zone of

residence expansion factor. Most zones in the analysis had a factor

near this figure. The complete computer program and its flowchart

for the data extraction is included in Appendix F. The results of this

extraction program are contained in Appendix G.

The tripends generated by each household were divided into

eight different purposes for the production and attraction of trips.

These different purposes are also listed in Table 1, page 23. Trips

were divided into these various categories in order to generate

tripend equations.
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Table I

Extraction of TCC 1968 Origin-Destination Survey Data into
Independent and Dependent Variables Used in

Trip Generation Analysis

A. Independent Variebles that were Tested in Zonal Trip Generation
Analysis

Original Storage of Data Arrangement and/or
Extraction of Data

Units Aggregate

1. Persons per household Persons per zone
2. Automobiles per household Cars per zone
3. Students per household Students per zone
4. Employment per household Employment per zone
5. Unemployment per household Unemployment per zone
6. Selected occupations per

household-:
a. Professional people per Professional people per zone

household
b. Protective people per Protective people per zone

household
7. Number of dwelling units Dwelling units per zone

B. Dependent Variables that were Tested in Zonal Trip Generation
Analysis

Original Storage of Data Arrangement and/or
Extraction of Data

Units Aggregate

Number of trips generated by Trips/Zone according to
household according to zones the following purposes
of origin and destination 1. Home

2. Work

3. Personal business
4. Shopping
5. School
6. All other trips
7. All trips

*A further breakdown of the occupations related to professional and
protective people appears in Appendix E.

Nt
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Data Analysis

In analyzing the data, only those zones that showed tripend

activity with household data recorded in them were used. Zones that

did not contain urban characteristics were deleted in the trip genera-

tion analysis. A listing of the zones that showed tripend activity for

each of the sixteen production and attraction dependent variables is

contained in Appendix H.

After the initial screening process, a computer curve fit pro-

gram ran all sixteen trip production and attraction purposes against

the independent variables extracted from the TCC tape. This pro-

cedure Calculated the coefficients of determination (r ) and also gave

the least squares fit for four types of curves:,linear, exponential,

logarithmic, and hyperbolic. The coefficient of simple determination

(r 2) measures the amount of total variance in the dependant variable

explained by the independent variable in the equation over that which

could be explained by the meaning of the dependent variable alone. A

value of r 2 near + 1 indicated a high degree of linear association. The

criteria used in testing the r 2 values was the selection of any variable

having an r 2 greater than . 30. The reason behind this procedure was

that if any value greater than this was chosen, a limited number of

U.S. Department of Transportation/ Bureau of Public Roads,

Guidelines for Trip Generation Anij s yLs (Washington: Government
Printing Office, 1967), p. 112.

: U

I
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Jvariables would have been selected. However, additional criteria may

be necessary in selecting the socio-economic variables.

From this analysis, the best curve fit of the relationships was

selected in order to determine necessary transgenezations for the

stepwise multiple regression analysis. These transgenerations basi-

cally transformed the nonlinear functions into the particular logarith-

mic, exponential, or hyperbolic function they applied to in order to

3
achieve linearity. The stepwise multiple regression analysis (SMRA)

was the statistical technique used to develop the sixteen different

equations predicting tripends by purpose. Five basic assumptions had

to be satisfied in the multiple regression analysis in order to draw

valid inferences and conclusions from the data,. These incl,.ded (1)

Linearity, (2) Uniform scatter of deviations about the regression line,

(3) Independence among the deviations, (4) Normal distribution of

deviations about the regression line, and (5) Colinearity. 4 Additionally,

it was assumed that all socio-economic characteristics tested in the

analysis were homogeneous among zones and the majority of trips in

the area studied originated from the home. In the past few years,

multiple regression computer programs have made the develooment

of trip generation equations a relatively fast "prepackaged" process if

3 William S. Spurr and Charles P. Bonini, Statistical Analysis
for Business Decisions (I lomewood, Illinois: Richard D. Irwin, hc.,
1967), p. 605.

4Ibid., p. 609.
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an analyst has the proper computer and programmers available.

While this permitted the development of multivariable equations, these
I

programs resulted in the analyst becoming more disassociated from

the data he was analyzing. As a result,, complex equations were
4i

developed which were statistically adequate, but had little or no

thought given to the reasonableness of the results. The University of

California at Los Angeles Biomedical Series Stepwise Regression

BMD02R program was the computer program used to generate the

basic tripend equations.

Stepwise multiple regression analysis (SMRA) is similar to

linear regression analysis. The major difference between these two

analyses is that SMRA can produce an n dimensional relationship

between independent variables and a single dependent variable.

Simple linear ragression analysis is capable of producing only a two

dimensional relationship. The following equations 2. 1 and 2. Z illus-

"trate these differences:

Sample Linear Regression Equation

•2-.11 Y= A +BX

Equation resulting from Stepwise Linear. Regressional Analysis using

Xn independent factors.

(2.2) Y= A + BIX+ X2 + B3 X3 . . .BX

where

10

2I
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Y = a dependent variable 1

A ='a constant

Bn ='coefficient 'of independent variables

SMRA generates individual relationships of the dependent vari-

able to the independenit variables and then successively adds variables

to a regression equation with the objecti~ve of obtaining the best final

equatio~n. Variables continue to be added until the maximum step is

reached, there are no more variables, or there are no more variables

which sitisfy the desired statistical tests.

A simple correlation matrix was a useful tool in evalhating

variables foie logical awc causative associ.tions. The coefficienC of

K. simple correlation was a measure of asso'ciation between two vari-

ables and the matrix of thes - cymbinations gave the correlation coef-

ficients for all podssible combinations of variables.

Other useful statistics in the analysis included the multiple

correlation coefficient (R), the standard error of the estimate (Sy- x),

and the t ratio test. The multiple correlation coefficient, R, indi-

cated the degree of association between the independent and dependent

vari'ables in the tripend equations. The higher the value R is in

measuring the equa'tion results, the greater the reliability of the equa-

tion. The standard error of the estimate indicated the d.gree of vari-

ation of the data about the regreI,;ion line. It measures the error to
S. t

( be expected in predicting the &ýv_..rtdent v-trli-ble J'rom the inlependent

variables in the equation. The '. ratit., shown in equation 2. 3,
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calculates the t value for each independent variable in the regression

5equation.

(2.3) b.
tbi .

Sbi

T1

where

tbi = t ratio test statistic

bi = the regression coefficient of an independent variable

Sbi = the standard error of the regression coefficient

Both elements needed to compute the t ratio are printed out in the

stepwise.regression analysis run. The result from this equation, the

calculated t value, is compared against the t critical value for

significance as described in the next section.

The next segment of the analysis consisted of SMRA runs using

forced variables. These forced variables were basically the highest

r obtained from the curve f;" orogram or logical transportation rela-

tionships that have been founa significant in previous trip generation

analyses. 6 After these forced variables provided an indication of

what the equations might be, additional SMRA runs were made with no

restrictions on the order of the variables entering the equation. The

5)

5 U.S. Department of Transportation/Bureau of Public Roads,
Guidelines for Trip Generation Analysis (Washington: Government(7 Printing Office, 1967), p. 84.

6  
,

6Ibid. , p. 95.
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results of these combined step-wise multiple regression runs provided

the basis for the final predictive production and attraction equations.

The t significance test was then used to select significant inderpndent

variables for the various equations. Also at this stage the standard

error of the estimate, multiple correlation coefficient, and the t

ratio test were used as other indicators of the reliability of the predic-

tive equations.

Hy2otheses Testing

A criteria in the hypotheses testing was the appropriate signifi-

cance level. The . 95 significance level on a t distribution was

selected since prior and existing transportation studies used this level

_)7
of significance. Also the t test was used to determine whether the

estimated coefficient was significantly different from some hypothe-

sized value of the true regression coefficient (Bi). Using a table of

the t distribution, the null hypothesis (Bi = 0) was rejected if the t

8
statistic was greater than or equal to the t value of the table. This

test was conducted on each regression coefficient to indicate when any

of the independent variabl( s are of no further value in predicting values

7 Mr. Ron Rude, Transportation Planner, Montgomery and
Greene Counties Transportation Coordinating Committee, in a personal
interview, June, 1971. Permnission to quote secured.

8 Spurr and Bonini, Statistical Aralvsis for Business Decisions
- (Hlomewood, Illinois: Richard D. irwin, Inc., 1967), p). 608.

• ,,F
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of the dependent variable. Any independent variable whose regression

coefficient did not meet the t test was eliminated from the equations

as an indication that the variable did not have a significant relationship

with the dependent variable.

The first hypothesis ("The soclo-economic characteristics of

occupation, population density, employment density, car ownership,

school enrollment, and dwelling "nits per zone are all significant for

use as predictors of both tripend productions and attractions in Mont-

gomery and Greene Counties. ") was tested through use of the t test.

If the socio-economic characteristics previously stated were signifi-

cant for -use as predictors of tripends, their t statistical value was

greater than or equal to the t critical value at the . 05 significance

level. The absence of any hypothesized factors in these equations

indicated that these factors did not have a significant relationship on

the generation of tripends.

The second hypothesis ("There are differences between vari-

ables in predicting tripends in Montgomery and Greene C .unties. ")

was tested using the beta coefficient .). The beta coefficient gives a

diiect measure of the relative importance of independent variables in

a predictive equation. The formula for the beta coefficient is shown

in Equation 2. 4.

9 U. S. Department of Transportation/Bureau of Public Roads,
Guidelinles for Trip Generation Anal]v i.-ý (Washington: Government
Printincg Office, 1967), p. 85.

-___
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K. (2.4) = b Sxi

Sy

where

A3• = the beta coefficient

bi = the regression coefficient for the ith independent
variable

Sxi = the standard deviation of the ith dependent variable

S y = the standard deviation of the dependent variable

Thus this statistic provided the basis for proving that differences do

exist between the independent variables.

Reasonableness of Results of the Analysis

The situation that faced the authors wa's one of making a compe-
4

tent selection of variables to be included in the analysis from many

possibilities. A corollary to the problem was the task of selecting the

proper functional bivarate relationships. Since these relationships

were not readily discernible, the authors relied on scatter diagrams

and a least squares curve fit generated by a computer operated

cathrode ray tube on the raw data. When non-linear relationships were

identifiable, the independent variabla(s) were transferred into loga-

rithmic or power functions so that the relationships became linear.' Total reliance was not placed on scatter diagrams alone, however,

since the relationship represented between two variables usually

changes when a third variable is added.

I

L
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In the selection of independent variables, the logic of the pro-

posed relationship was considered. Variables which appeared to be

most reasonably related to the dependent variable were considered for

analysis. 10 For example, employment is a more logical attractor

rather than producer of tripends. This choice was based on some sub-

jective reasoning rather than relying on the computer program alone

to sift the data and find a relationship. In the case of SMRA, the

computer, at each step, entered the variable which provided the great-

est reduction in the residual sum of the squares into the equation. The

procedure considered only the associative relationship between the

independent and dependent variables. Such relationships might have

been caused by chance. Thus, the authors used variables which

reflected casual relationships as well. For example, it was expected

that the characteristics which described the household contributed

positively to the production of home based vehicle trip productions.

On the other hand, an equation for transit trip production might have

a negative correlation with the dependent variable. This assumed

that on the average, as car ownership decreased, transit trips in-

creased. Therefore, the logical nature of the relationships was con-

sidered prior to developing the regression equations.

The colinearity of the variables was also checked for

S" ' 0. S. Department of Transportation/Blureau of PLublic Roads,

SGuidelines for Trip Gencration Analy.•is (Washington: Governmient
Printing Office, 1967), p. 28.
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reasonableness of results of the analysis. Colinearity or correlation

between two independent variables in multiple regression can have a

great effect on the standard error of the regression coefficient. When

two independent variables are highly correlated the net regression

coefficient may be unreliable. 11 A solution to this problem is to

eliminate the independent variable which is considered less important

to the equation. In this way colinearity was used as a check towards

the reliability of the individual variables in the regression analysis.

Another method of determining reasonableness of results was

the graphs of residual values of the particular dependent variable

tested against its significant independent variable. These plots pro-

vided a check of the standard error of the estimate in the predictive

equations. These graphs indicated how well the values were scattered

around the regression equation. In this manner then, the graphs were

another measure of the reasonableness of results of the analysis.

1,

Spurr and Bonini, Statistical Analysis for Business Decisions

1 (Horewood, illinois: ~Richard D. Irwin, Inc. , 1967), p. 610.
-5



Chapter 3

ANALYSIS

The analysis chapter of the thesis is divided into three parts.

The first part consists of the results of a curve fit analysis of socio-

economic factors. The generation of significant equations from these

factors forms the second portion of the analysis. The final section

consists of detailed analysis and implications of the significant pre-

dictive equations.

Curve Fit Analysis of Socio-Economic Factors

The first step in analysis of the data was the curve testing of

all independent variables against the sixteen trip purposes for produc-

tion and attraction equations on a bivariate or two variable basis. The

results of this test displaying the best least squares curve fit and

highest coefficients of determination of these relationships are pre-

sented in Tables Z and 3 on pages 35 and 36. Next, logical relation-

ships among the independent variables and the different trip purposes

(dependent variables) as well as relationships from coefficients of

determination (r2 ), were tested in the stepwise multiple regression

analysis program (SMRA). Two criteria were used in testing the rz

values. The primary criterion was the selection of any variable

0
34
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having an r 2 greater than . 30. If the first criterion could not be met,

the two highest r 's for the particular purpose examined were chosen.

An rZ of . 30 and higher was chosen in order to provide a level suffi-

cient both for variable generation and variable selection. To illus-

trate this point, only one-third of the values in both the attraction and

production tables had r 2 's greater than . 30.

In order that the proper functions would be tested for the cor-

rect predictive equations, the curve functions from the curve fit pro-

gram were transgenerated in the SMRA program. In analyzing 825

zones in the area studied, an incorrect inference could be made by

assuming complete linearity among variables in the various predictive

equations. This limitation was accounted for in the program by the

previously mentioned step. Also it should be noted that the stepwise

regression program did not compute the exponential power as the power

of this function approached zero. For example, the power of several

exponential functions analyzed was . 0018,beyond the capabilities of the

stepwise regression program. Therefore in each instance where this

occurred in the curve fit program, the second highest coefficient of

determination was substituted for the exponential function. In all cases

where this was applied, the differences were slight and in no instance

did they affect the final predictive equations.

O.
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I • Generation of Equaticns from the Socio-Economic Factors

The second step of forcing variables into the equation provided

some benefit to the analysis. Two criteria used in forcing variables

were: (1) the logical relationships of the independent variables to the

particular dependent variable trip purposes and (2) the highest coeffi-

cients of determination among the independent variables. However,

the logical relationship s that were forced did not prove successful.

Among these relationships were: home work trip productions and

attractions related to employment per zone; home shopping trip pro-

duction and attractions related to cars and persons per zone; employ-

ment per zone as an attractor of trips to the home; and persons per

zone as a strong indicator toward home social recreational trip

attraction. These forced logical relationships represented some of

the signficant variables the Department of Transportation had found in

tripend prediction through their years of research in the area. 1 Of

all forced logical relationships tested, none were significant at the

study's predetermined significance level of . 95.

Forcing the equations as a result of the curve fit program gave

much better outcomes. Of the eleven predictive equations where high

r2 independent variables were forced, seven produced significant

independent variables. Furthermore, of the remaining four predictive

1U. S. Department of Transportation/JBureau of Public Roads,

Guidelines for Trip Generation Analysis (Washington: Governme'it
Printing Office, 1967), p. 14.

Li
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equations which did not produce significant variables, two had no sig-

nificant independent variables in them and were consequently elimi-

nated as predictive equations. The only two equations where the

highest coefficient of determination through curve fit analysis did not

prove important was all home based production and attraction trips.

In these equations the highest r showed that three variables should be

forced: total employment per zone, professional persons per zone,

and protective persons per zone. This may well seem unreasonable

for the productive equation, since employment and occupations are

normally considered better attractors than producers of tripends.

However for the attraction equation other than the dominant influence

of the variable, cars, no additional reasonable explanation of this

result can be given. Therefore use of the curve fit program with some

reasonable idea of pertinent rf .ationships would appear t3 give the

researcher a place from which to start in trip generation analysis.

After forcing of the variables was concluded and compared

against the t critical value to determine significant variables, the

first hypothesis was tested. Eleven of the sixteen equations produced

one or more significant socio-economic characteristics. While these

equations were statistically correct, one could question a few in

regard to their reasonableness. Although possessing significant socio-

economic characteristics, attraction equations did not appear to pro-

vide realistic variables whereas production equations did. However,

taking the hypothesized socio-economic characteristics as a whole,
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four of the eight characteristics appeared in one or moreiequations.

Only employment per zone, protective persons per zone, unemp'loy-

ment per zone, and dwelling units psr zone were not sigiiificant among'

the socio-economic characteristics hypothesized. One-half of the

characteristics were significant which points to possible 'hypotheses

concerning these four. In this light, cars appeared as a significant

variable in eight of the eleven predictive equations. Therefore, the

first hypothesis can be rejected--not all socio-economic characteris- 4

tics are significant as predictors of production and attraction tripends

in the area studied.

After testing the first hypothesis, additional stepwise re greg-

L. sion runs were made allowing a natural additibn or deletion of vari-

ables in order to obtain the best final predictive equations.. The results

from these particular runs, which are explained in the next section of

this chapter formed the basic predictive equations found in Tables 4

and 5 on pages 41 and 42. At this point, the second hypothesis was

examined. Testing for the second hypothesis was accomplished

through use of the beta coefficient which provides a direct measur'e of

the relative importance of independent variables in the multivbriate'

equations to which it applied. The results of this testing appear in

Table 6, page 43. In testing the three multivariate equations in the

analysis, cars which appeared in every equation was found to be
-d t

' i different than the other particular variable in the cquations. In all

______
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cases, cars per zone had at least a two to one ratio compared to its

associate variable in the equations. Two of the three equations were

entirely linear relationships while the third, social recreational trip

production, had a linear and logarithmic function. This simple yet

useful statistic, the beta coefficient, proved the second hypothesis to

be correct- -differences among the significant independent variables

did exist.

After the second hypothesis was tested, the analysis was

divided into production and attraction tripend equations. Using this

segmentation, six production and five attraction equations were found

significant at the . 05 level. The production and attraction equations

are listed in Tables 4 and 5 on pages 41 and 42.

Production Equations

The six significant production tripends included the following

purposes: trips from home, work, social recreational, school, all

other home trip productions, and all home trip productions.

Analysis

The equation predicting trips from home provided two signifi-

cant variables, cars per zone and persons per zone. Each variable

surpassed the t critical vai.,e of 1. 67 for 79 cases in the stepwise

I •multiple regression program as seen in Table 7, page 45. The multi-

ple correlation coefficient (R) was significantly high at .1)8 while the
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U standard error of the estimate (Sy'x) was 256. 23. The second figure

can be explained by the magnitude of the data in this study. For such

a large number of tripends as can be found in this analysis, a range

of numbers for the standard error of the estimate between 166.89 and

1137. 39 seems insignificant. Another credible point was the plot of

the residual values of Y against the significant variables for all the

predictive equations. The graphs indicated for all equations that the

assumptions for multiple regression analysis had been met. In the

trip purposes categories of work, and all trips, only cars in each case

was found to be the significant independent variable. The calculated t

value for all trips was somewhat similar in value and yet larger than

that for work. The multiple correlation coefficient was . 0? for work

compared to . 85 for all. Once again the standard error of the esti-

mate was in the range of 150-400. A difference existed only in the

case of all trip purposes. This particular standard error of the esti-

mate could logically be explained by the fact that all categories were

totaled for the dependent variable, all trip purposes. Cars was also

the significant variable in the predictive equation for all other trip

purposes. In the table of production equations, employment per zone

was also listed as a significant variable due to colinearity between

cars and employment per zone. In the correlation matrix for this

particular production equation, the correlation between the two was

843 while correlations of cars and employment per zone to the

dependent variable was only . 695 and .524 respectively. Since the
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* •cars variable entered the equation first and had the highest t ratio,

employment was determined to be the variable less important to the

equation. While other variables had colinearity in both production and

attraction equations, this particular equation was the only one whose

colinearity did affect the significant variables in the equation. School

as a trip production had students per zone as its only significant inde-

pendent variable. The R value was one of the lowest for productions

.30 as well as a higher value of the standard error of the estimate

382. 30 as previously discussed. For this purpose the fact that the t

ratio was the lowest to pass the t critical value can explain these

particular values for R and Sy'x. The social recreational trip pro-

duction produced two significant independent variables, cars and pro-

fessional people per zone. While cars per zone was not an unexpected

significant variable, professional people per zone provided a mild sur-

prise. This particular variable added an R value of . 59 and a low

value of 166.89 to the equation. Personal business and shopping for

trip productions did not uncover any significant independent variables.

From the stepwise regression analysis results comes the basic pre-

dictive trip production equations listed in Table 4, page 41.

Implications

In nearly all of these equations, four of six to be exact, every

independent variable was linear. The only exceptions to these were

home work trip productions with cars as a hyperbolic runction and the
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social recreational trip production where one of the two significant

variables, professional people per zone, was a logarithmic function.

The independent variable or variables in each production purpose

equation were quite logical and confirmed past transportation studies

on household data. In this regard, the variables were similar to a

nationwide study of household data by the University of Michigan. 2

However, in the same light, the emeigence of professional people per

zone in the Montgomery and Greene Counties region implied th:e need

for updating of significant socio-econornic characteristics. Profes-

sional people may well be the leaders in todays mobile society in

regards to social and recreational trips. In many instances, present

day professional people take days off to enjoy .themselves. Therefore

this particular variable's relevance toward social recreational trips

appears logical. The continual presence of cars in the production

equations is another indication of how mobile our present day society

is over past generations. Persons as a significant variable for home

based trips bear out the assumption that the more people in a house-

hold, the more trips made from that home. Finally students appear

to be a plausible, significant variable in predicting production of trips

to school. This is an indication of several factors that have emerged

in today's society. The first factor is the practice of mothers driving

2 U.S. Department of Transportation/Bureau of Public Roads,
Guidehnies for Trip Generation Analysis (Washington: Government
Printing Office, 1907), p. 70.
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grade school children to school. The second factor is that many high

school students drive their own cars to school today. A final factor

can be traced to tiLc decline of the neighborhood school in the suburbs.

This factor requires busing school children over the same distances

walked by previous generations. Therefore, this variable as all the

others previously mentioned in production tripend purposes is quite

logical. As for the attraction equations, they were found to be similar

to the generated production equations.

Attraction Equations

Stepwise regression analysis results for the attraction equations

are contained in Table 8, page 50. The five significant attraction trip-

ends included the following purposes: trips to home, work, school, all

other trips, and all home trip attractions.

Analysis

Trip attractions to home had two significant independent variables,

cars and persons per zone. The multiple correlation coefficient, R,

was quite high at . 98 and the standard error of the estimate (Sy- x)

was 258. 48, the lowest value of all the predictive attraction equations

as seen in the table. The data was similar to the results of the trips

from home production equation altviough the t ratios for the variables

in the attraction equation, talen together, were higher. All other

significant attraction ý quations had only one independent variable:

Sstudents for school attraction, persons for all other trip attractions,
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and cars for both work and all trip attraction purposes. The t ratio

for students in school attraction tripends and cars in work attraction

tripends were both barely above the t critical value and had the tvo

highest standard errors of the estimates outside of all trip attractions,

This again, was somewhat similar to the production results in this

particular trip purpose. The predictive equation for all trip attrac-

tions produced the second highest value of R among the attraction

equations . 85 but also gave the highest standard error of the estimate

for both production and attraction equations. Again this high value

appeared to be the result of pooling all trip attraction purposes as

previously mentioned for all producton trip purposes. Persons per

zone was the significant variabl, in the predictive equation for all

other trip purposes. The other trip attractions: personal business,

shopping, and recreational trips did not contain any significant vari-

ables. From this stepwise regression anald-sis, the basic predictive

attraction tripends equations are found in Table 5, page 42.

Implications

Four of the five equations had linear relationships. The only

exception was the work trip attraction equation where the significant

variable, cars, was a hyperbolic function. The variables that ap-

peared in the attraction equations seemed somewhat illogical as

attractors of tripends. For examnple, in nearly all cases, cars is not

an attractor in transportation studies. I [oxvevcr, statistically in the

L2.



52

analysis this socio-economic characteristic -.vas the predominant

significant variable. Normally, cars are better predictors of produc-

tion tripends. From this, one might reason that if better attraction

variables had been taken in the study, cars reight n ,t have dominated

the attraction equations. For example, iml :roved attraction variables

could be square footage of warehouse, office and retail space, number

of retail workers, number of theater seats available in the area sur-

veyed, and number of people served by fast food franchises in the

area. In almost every case the attraction cquation results appeared

similar to the production equations. This points 1o several possible

findings. One is that either production or attraction equations are not

totally logical. Additionally, since the sur vey was household oriented,

the production equations from origin trips -.vould appear to be more

logical than the attraction equations. Also it appeared that it was unnec-

essary for this survey to break down trip purposes into eight different

categories. Five of the sixteen equations bad no significant variables.

This indicated that trip purposes may have been overstratified for this

particular survey. In smaller areas (under 100, 000 population) three

trip purpose categories have been used sxccessfully: home based

work, home based other and non-home ba. sed trips.

3 U. S. Department of Transportation / Bureau of Public Roads,
Guidelines for Trip Generation An-'yLs.is (Washington: Government
Printing Office, 1961), p. 44.

:-g
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O Summary of Findings

In this chapter eight trip purposes extracted from the 1968

TCC Origin-Destination Survey were tested for production and attrac-

tion equations at the . 05 significance level using the t significance

test. After the significant production and attraction equations were

found, the two hypotheses in the thesis were examined.

1. The first hypothesis was that the socio-economic charac-

teristics of occupation, population density, employment density, car

ownership, school enrollment, and dwelling units per zone are all

significant predictors of both tripend productions and attractions in

Montgomery and Greene Counties. This hypothesis was tested using

the t significance test. However, only four of the eight character-

istics appeared in one or more of the equations. Therefore, the first

hypothesis was rejected--not all socio-economic characteristics were

significant for use as predictors of both tripends and attractions.

2. The second hypothesis stated that there were differences

between variables in predicting tripends in Montgomery and Greene

Counties. This hypothesis was tested using the beta coefficient. The

results of the test proved that the hypothesis could not be rejected.

Differences between significant independent variables did exist.

3. Six significant production tripend equations were found for

the following purposes: trips from home, work, social recreational,

school, all other home trip productions, and all home trip produttions.

Trips from home provided two significant variables, cars per zone and
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persons per zone. In the trip purpose categories of work, all other

trips and all trips, only cars was found to be the significant indoepend-

ent variable. In the case of all other trip productions, colinearity

appeared between two variables, cars and emnployment. Sinbe employ-

ment was determined to be the variable less important to the equation

it was eliminated. School as a trip production had students per zone

as its only significant independent variable. The social recreati-onal

trip production also produced two significant independent variables,

cars and professional people per zone.

4. Five attraction tripend equations were found -ignificant for

the following purposes: trips to home, work, school, all other trips,

and all home trip attractions. Trip attractions to home had two

significant independent variables, cars and persons per zone. All

other significant attraction equation3 had only one independent variable:

students for school attraction, persons for all other trip attractions,

and cars for both work and all trip attraction purposes. All other

trip purposes, personal business and shopping in both production and

attraction tripends, and social recreational trip attractions aid not

contain any significant variables.



Chapter 4

SUMMARY, FINDINGS, AND CONCLUSIONS

Summary

,.Developing any regional t. ansportation system is an uncertain

and costly undertaking. The fixed elements of a;highway network or

mass transit scheme are very difficult ýnd expensive to change.

Therefore, an intensive problem analysis should precede the design

of any transporjtat.ion system. In order that this may be properly per-

formed, the factors that affect ground passenger transportation must

-4 be qiiantifiedl and related. In this thesis the .area surrounding Wright-

Patterson Air Force Base, Greene and Montgomery Counties, Ohio

was, exarrmined in this respect.

The research effort had three basic objectives: (1) to extract

selected trip generation characteristics from the 1968 TCC Origin-

Destination Survey, (2) to identify and quantify the tripends in Mont-

gomeiry and Greene Counties, and (3) to provide equations for esti-

mating tripends for zones within Montgomery and Greene Counties.

The research effort was restricted to tripend volumes and the rela-

tionships various socio-economic factors have upon tripend production.

These socio-economic fa,ctors were occupation, population density,

4-• employment dcensity, car ownership, school enrollment, and dwelling

55
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units, all expressed per zone. From these factors the following

hypotheses were examined: (1) All socio-economic characteristics

analyzed are significant as predictors of production and attraction

tripends in Montgomery and Greene Counties and (2) Differences among

the significant independent variables do exist.

The methodology used in the research effort consisted of two

parts. The first part was a curve fit analysis of the socio-economic

factors hypothesized. The curve fit program provided a best least

squares curve fit of all independent variables against sixteen trip

purposes for production and attraction equations on a bivariate or two

variable basis. From this part, equations were generated from the

various socio-economic factors using a stepwvise multiple regression

program. The significant variables from among these socio-economic

factors were then determined through use of the t significance test.

The firt hypothesis was examined by use of this test. In order to test

the second hypothesis concerning differences between significant vari-

ables, the beta coefficient was used. The findings from this procedure

are presented in the next section.

Findings

1. The first hypothesis was that the socio-economic character-

istics of occupation, population density, employment densiLy, car

ownership, school enrollment, and dwelling units per zone are all

significant predictors of both tripend productions and attractions in
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Montgomery and Greene Counties. Only four of the eight characteriD-

tics appeared in one or more of the predictive equations. Therefore

the first hypothesis was rejected--not all socio-economic characteris-

tics were significant for use as predictors of both tripends and attrac-

tions.

Z. The second hypothesis stated there were differences between

variables in predicting tripends in Montgomery and Greene Countie3.

The results of this test using the beta coefficient proved that the

hypothesis could not be rejected. Differences between significant inde-

pendent variables did exist.

3. Six significant pi eduction tripend equations were found for

the following purposes: trips from home, work, social recreational,

school, all other home trip productions, and all home trip productions.

Trips from home provided two significant variables, cars per zone and

persons per zone. In the trip purposes categories of work, all other

trips and all trips, only cars was found to be the significant independ-

ent variable. In the case of all other trip productions colinearity

appeared between two variables, cars and employment. Since employ-

ment was determined to be the variable less important to the equation

it was eli.niated. School as a trip production had students per zone

as its only significant independent variable. The social recreational

trip production also produced two significant independent variables,

cars and professional priople per zone.

i.)
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4. Five attraction tripend equations were found significant for

the following purposes: trips to home, work, school, all other trips,

and all home trip attractions. Trip attractions to ho.e had two sig-

nificant independent variables, cars and persons per zone. All other

significant attraction equations had only one independent variable:

students for school attraction. j_:rsons for all other trip attractions,

and cars for both work and all trip attraction purposes. All other trip

purposes, personal business and shopping in both production and

attraction tripends and social recreational trip attractions, did not

contain any significant variables.

From these findings, the following conclusions were reached.

Conclusions

1. Design of the Survey. -- As mentioned in the summary an

intensive problemn anal) sis should precede the design of any transpor-

tation system. In the 1968 TCC study a complete design of the survey

did not appear to be performed which caused several problems. First,

an overstratification of data was evident in both the number of zones

used in the survey and the type of socio-economic information collected.

In the Pittsburgh and Chicago Area Transportation Studies (PATS

CATS) where 1. 47 million and 6.8 million people in the area were

covered in the studies respectively, only 226 and 582 zones were used

for analy F-:. ,urthemore PATS had 420 square miles in their study
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while CATS included 1236 square miles. I For 700, 000 people and

881 square miles in the Montgomery and Greene Counties region in

1968, 825 zones for the TCC study would not seem to follow suit.

Many of the socio-economic characteristics were too finely segmented

to produce truly reliable equations. Data which are "cut too thin"

produce mean numbers of trips of small magnitude (with correspond-

ingly high samripling variation) but the number of observations in each

analysis area [zone] may be insufficient to obtain reliable estimates.2

In this same light, inspection of the data indicated a lack of homogenity

among zones. Many zones in the analysis had no tripends or socio-

economic characteristics recorded. For example, zone numbers 2127,

6516, and 9313 in Appendix G did not contain data values on any char-

acteristics. Better descriptions of trip purposes should have been

utilized in the survey questionnaire. For example in considering social

recreational trips very specific purposes for origins and destinations

j would have been desirable. Correspondingly, trips to parks, movies,

and restaurants would provide better insight into this particular trip

purpose. Also related to the design of the survey was the finding that

1U.S. Department of Transportation/Office of Highway Planning,
Modal Split (Washington: Governm.ent Printing Office, 1966), pp. 7, lo.

I 2 U. S. Department oi Transportation/ Bureau of Public Roads,
Guidelines for Trjt- Gencration Analysis (Washington: Governmentt Printing Office, 1967), p. 44.

I I
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the significant predictive equations contained many variables which

were oriented to production of trips. In this sense cars per zone was

the major variable in the predictive equations. If better attraction

variables had been selected in the initial design, cars might not have

so totally dominated the predictive equations. Additionally since the

survey was household oriented, the production equatiQis would appear

to be more reasonable than the attraction equations.

2. Statistical Analysis Used in Trip Generation. -- During the

t past few years multiple regression computer programs have made the

development of trip generation equations a relatively fast "pre-pack-

aged" process. While this permitted the development of multivariable

4 equations, these programs resulted in the analyst becoming morc

disassociated from the data. As a result, complex equations were

developed which were statistically adequate but had little or no thought

given to the reasonableness of the results. This situation appears to

be the case in the Department of Transportation studies in trip genera-

tion analysis. The statistical techniques used are simple and useful,

yet more rigorous procedures appear to be needed. An illustration

of this is that no check can be made for predictive equations when the

data is collected once every ten years. A method is presently needed

to verify the accuracy of thebe predictive equations. As more experi-
I

ence and knowledge is gained in this relatively new area, the statistical

techniques are certain to inprove. Also it remains important to



61

pretest the study area and survey questionnaire in order to determine

which socio-economic characteristics should be collected in the actual

survey. This procedure will conserve not only time, but tend to pro-

duce more meaningful results.

3.' Ibrimediate Need to Analyze Trip Generation Analysis. -- In

today's rapidly changing environment, there is a continual need in trip

generation analysis to keep up with changes in the character and intens-

ity of land use, population distribution and other pertinent socio-eco-

nomic characteristics. In this atmosphere it is mandatory that

immediate analysis be re'de on the most recent surveys conducted in

the areas studied. Most origin and destination studies usually lag

analysis by five to seven years. This procedure mur' .. eversed in

order to deal effectively with designing transr tation networks needed

to service present as well as future po" ons.

4. Emergence of New Attracto:z, in the Montgomery and

Greene Counties region. -- The emergence of new manufacturing,

recreational, commercial, or residential centers can invalidate trip

generation equations. For example, two major shopping centers, the

Dayton and Upper Valley Malls, have opened in the area studied since

the TCC Survey was conducted. The tripends attracted to these cen-

ters can significantly alter the predictive equations found in this

analysis. This points to the need for constant reevaluation oi the

predictive equations for these significant influences.



APPENDIX A

CORRESPONDENCE BETWEEN THE SCHOOL OF SYSTEMS AND
LOGISTICS AND THE MONTGOMERY AND GREENE COUNTY

TPANSPORTATION COORDINATING COMMITTEE
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Mr. Jack Jensen

z ~~Acting Executive oirector Tasotto

V ~ c Coordinating Cormnitteo hssi rqiccn

Captains John Barry and Phi-lip Rown are preparing a thesis
j entitlod, "Analysis of Trip Generation Factors Involved in

Ground Passen-or Transportation within ltontgoncry and
a4Greene Counties." This teiisarqrmnttowards aMaster of Science Dogroe in Logistics M~anagemcent from the

School of Systems and Logistics at Wright-Patterson AFB.

Tihey are requesting a copy of your 1968 Origin-D)estination
survey data which is stored on computer tape. They hw~e
infor-,ally coordin"ated this request through. Mr. Rude of
your office. If it is agreeable with you, we will cut, a
duplicate tapo of this data on one of our IRM. 360 computers.
Vlo havo confirz-ad that your t~apes arc compatibla with our
equipmont. Your tapo will be duplicated by a qualified
conputor opera-tor. The data extracted fror. your 196F

*Origin-DestCination survey will receive full ac..,nowlodg~ent
in this thesis.

rn "addition to providing the basic data for tho thesis
offort, wo expect this thesis to be of benefit to the
transit co.nMittoo and thus the citizens of the Dayton
area. Thank you for your time and assistance.

Cordially, I eprodcediv~iii,1 fromLest ra'va',Ia bler copy.

RAY 11. ALVORD, Colonel, USAF
Chief', Graduate E'ducation Division
School of Systems And Logistics
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TRANSPORTATION AND DEVELOPMET PLAIvNING PUOGA2!
S.. .• --I • '-,,., -''

THIRO NATIONAL BLDG - 32 N. MAIN SWHLET - DAYTON. OHIO 45402 - PHONE 513-22.8 2136

July 15, 1971 CHARLES V. SIMMS. C.•AI;,A,.

Jack L. jensen, Executive birector

Colonel Ray W. Alvord, USAF

Chief, Graduate Education Division
School of Systems and Logistics
Air Force Institute of Technology
Wright-Patterson Air Force Base
Dayton, Ohio 45433

Dear Colonel Alvord:

In response to your letter of July 7, 1971, regarding origin-
destination data for Captain John Barry and Captain Phillip
Bown, we have provided Captain Bown with the following material:

• Computer tape (TCC #72) containing 1 and 2 card
origin-destination data;

2. 1968 analysis zone map;
3. 1980 land use map;
4. Field forms for 1 and 2 card origin-destination

data;

5. Origin-destination data record formats.

It will be the responsibility of Captain Barry and Captain Bown
to return the computer tape to our office in the condition in
which it was loaned as soon as it has been copied. They may
keep items 2 through S for use in their thesis wurk.

It is our understanding that this material will be used in
preparing a thesis related to person 1.-rip generation in the
Dayton region. At the conclusion of this project we would
be interested in obtaining a copy vof the thesis or the results
of the analysis performed.

For any further assistance which may be required please do not
hesitate to contact Mr. Ronald Rude of our staff.

Very truly yours,

Saek L. Jensen
Executive Director66
bs

LCC - 11AI4.,t\)[4IA|I CO4 ) i td. ' I



APPENDIX B

FORMAT OF HOME INTERVIEW SURVEY USED IN THE 1968
TCC ORIGIN-DESTINATION RANDOM SYSTEMATIC

SAMPLE SURVEY
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APPENDIX C

COMPUTER RECOAD STORAGE FORMAT OF THE
1968 TCC ORIGIN-DESTINATION SURVEY
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' Origin-Destination Record, Format

Card I

Household Information

Columns . Identification

1 Card number (1).
2-6 Census Tract Block Number
7-10 Sample number
11-13 Blank

14 Call backs
15 Number of cars
16-17 Number of persons

.18-19 Number of persons over 5 years old
20 .Number of roomers
21 I Number of persons employed
22 Number of persons with no trips
23 Dwelling unit status

V = Vacant'
X = Refusal

C = Contacted no return
N r No contact
Blank = Interview obtained

24-25 Blank
26-30 Census tract number - 1970

311-34 Land use
I Residential
2: Mfg (light)
3 Mfg (heavy)
4 Transportation, communication and

Utilities
5 Trade
6 Services
7 Cultural, entertainment, recreation
8 Resource production & extraction

(agriculture, mining, etc.)
9 Undetdeveloped land and water areas

35-36 Number of years resident
37-38 Number of persons enrolled in school
39-67 Blank
68-71 Zone of residence

Column 68 ; Sector
69
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Card 1

Columns Identification

68-71 Zone of residence-Cont.
Column 69 = Ring
Columns 70-71 = Analysis Zone

7Z-75 Zone factor (Z decimals)
76-80 Census tract factor (Z decimals)

I:

L
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Origin-Destination Record Format

Card 2

Internal Trips

Columns Identification

1 Card number (Z)

3-6 Census Tract Block Number

7-10 Sample number

11-12 Blank

13-14 Trip Number

15-16 Person number

17 Sex
lM = Male

F Female

18-19 Occupation

20-29 Origin
If internal

Column 20 = Blank

Columns 21-24.= Land use (see colu~mns

31-34 card 1)
Columns 25-29 = Census Tract Block

Number
If external

Column 20 = E
Columns Z1-22 = State

Columns 23-25 = County IBM codes

Columns 26-29 = City

30- 39 Destination
Same format as shown for Origin in

Columns Z0-29

40 Mode
1 = Auto driver

2 = Auto passenger
3 = Bus
4 = Rapid transit

5 = Taxi
6 = Truck passenger

7 = Walk to work

8 = School bus

*1-.
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Card 2 September 21, 1970

Columns Identification

41 Trip purpose from
I = Work

2 = Personal business
3 = Shopping
4 = Social-recreational
5 = School
6 = Eat meal
7 = Medical-dental

8 = Serve passenger
9 = Change travel mode
0 = Home

42 Trip purpose to
Same as codes for trip purpose from

in column 41
43-46 Start time

24 hour clock - in hundreths of an hour
Midnight to 1:00 AM = 00 hour

47-50 Arrival time
51-52 Blank
53-54 Relationship

1 = Head-of-household
2 = Husband
3 = Wife
4 = Daughter or daughter-in-law
5 = Son or son-in-law
6 = Mother or mother-in-law
7 = Father or father-in-law
8 = Aunt

9 = Uncle
10 = Sister or sister-ii:-law
11 = Brother or brother-in-law
12 = All other

13 = Roomer
Moth

I = January
2 = February

3 = March
4 April
5 - May

- Ju".e
S7'1- J ,Iy
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-Card 2 September 21, 1970

Columns Identification

55-56 Month-Cont.
8 =August
9 = September

10 = October

11 = November
1Z = December

57-58 Date
59 Day

1 = Monday
2 = Tuesday
3 = Wednesday

4 = Thursday
5 = Friday

60-63 Origin
Column 60 = Sector
Column 61 = Ring
Columns 62-63 = Analysis zone

or
All zeros for external end

64-67 Destination
S'me as for origin in columns 60-63

68-71 Zone of residence
Colamn 68 = Sector

Column 69 = Ring
Column 70-71 = Analysis Zone

72-75 Zone factor (Z decimals)
76-80 Census tract factor (2 decimals)



APPENDIX D

PRINTOUT OF FIRST 100 RE';CORDS ON THE COMPUTER
TAPE CONTAINING DATA FROM 1968 TCC

ORIGIN- DESTINA TION SUR VEY
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APPENDIX E

SEGMENTATION OF PROFESSIONAL AND PROTECTIVE
PERSONS PER ZONE INTO THEIR APPROPRIATE

OCCUPATIONS AS DEFINED IN THE 1968 TGC
ORIGIN- DESTINATION SURVEY

Lr



VU*

Occupations of professional and semi-professional people as defined

in the TCC Survey:

Architects, engineers, etc. -- civil, electrical, mechanical, marine,
aeronautical, surveyors, airplane pilots, etc.

Designers, draftsmen, surveyors, technical aids, accountants,
embalmers, morticians and other professional and semi-
professional workers

Educational and scientific- -teachers, scientists and professional
reýsearch vworkers

Entertainment--artists, authors, journalists, photographers,
musicians, etc.

Legal--lawyers, judges, etc.
Medical- -doctors, surgeons, dentists, etc.
Nurses and social welfare workers
Osteopaths, chiropractors, etc.
Religious--clergymen, etc.
Veterinarians

Occupations of protective services people as defined in the TCC
Survey:

Civilian defense lookouts (airplane and fire), wardens, etc. -- full-
time employees only

Commissioned officers of the military forces
Enlisted men, draftees and non-commissioned officers of the military

forces
Members of fire departments
Policemen, sheriffs, marshals, guards, game wardens, etc.
Private detectives
Watchmen and police, privately employed

80



APPENDIX F

COMPUTER PROGRAM AND FLOWCHART USED

EXTRACTION OF DATA FROM 1968 TCC

ORIGIN-DESTINATION SURVEY

63
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KEY TO VARIABLE NAMES

Name Function

NZONE Store zone nu:nbers
LZONE Store zone number ranges
ZDU1  Store dwelling units/zone
PROF Store professionals/zone
PROT Store protective people/zone
STUD Store students/zone
UNEMP Store unemployed/zone
TPFO Store home trip productions
TPFl Store home based work productions
TPFZ Store home based personal business productions
TPF3 Store home based shopping productions
TPF4 Store home based social recreational productions
TPF5 Store home based school productions
TPFOTH Store home based all other productions
TPFALL Store home based all trip productions
TPTO Store home trip attractions
TPTl Store home based work attractions
TPTZ Store home based persona] business attractions

k_2 TPT3 Store home based shopping attractions
TPT4 Store home based social recreational attractions
TPT5 Store home based school attractions
TPTOTH Store home based all other attractions
TPTALL Store home based all trip attractions
ZCARS Cars per zone
ZSCH Students per zone
ZPERS Persons per zone
ZEMP Employment per zone
DCARS 2  Cars per dwelling unit
DPERS2  Persons per dwelling unit
DP053  Persons over 5 years old per dwelling unit
DEMP 2  Employment per dwelling unit
DFISZEE Family size per dwelling unit

DYRS2  Number of years resident per dwelling unit
DSCH 2  Students per dwelling unit

lVariable storage names beginning with "Z" were used for
zonal trip generation analysis and variables starting with "D" can
be used for dwelling unit analysis.

( 2) Not used in this analysis.
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Name Function

TINT Calculate total interviews obtained
ISIZE Calculate dwelling u'At sample
TDU Total dwelling units contacted
RES Response rate
SFAC Sample factor for dwelling unit sample

NZO Zone of origin

NZD Zone of destination
NZR Zone of residence
ICARD Card number
IOCUP Occupation category
IMODE Transportation mode
ITPF Trip production (from) purpose
ITPT Trip attraction (to) purpose
ZFAC Zone factor
CARS Number of cars per dwelling unit
PERS Number of persons per dwelling unit
P05 Number of persons over 5 per dwelling unit
.ROOM Number of roomers per dwelling unit

EMP Employment per dwelling unit
ISTAT Status of dwelling unit
TRIPNO Persons with no trips per dwelling unit
LAND2 Land use
YRS 2  Number of years resident per dwelling unit
SCH 2 Number of students per dwelling unit
ZREC2  Recreational zone
ZRES 2 Residential zone
ZMFG2  Manufacturing zone
ZTRAD 2  Trading zone
ZSER2  Services zone

2 Not used in this analysis.
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KEY TO FLOWVCHART PROGRAM

Computer Program'
Symbol Line Number Operation

A 1-25 Create on-line storage for zonal
dwelling unit variables extracted
from tape.

.. 6 Store zone number ranges.

B '28-44 Initialize counters.

C, D Extract selected'data from tape.

45-47 Read card 2 data from tape,

F 27,48 Check for end of file.

G 49 Determine card number.

H 50, 51 Eliminate data on walking mode.*

R 52-71 Sort zone numbers by zones of
residence, origin, and desti-
nation.

C 72-78 Sort occupations.

T 79-85 Stora occupations by zone of
res idence.

U 86-98 Sort trip purpose.

V, W 97-110 Store trip purposes' by.zone of
origin.

X 111-121 Sort trip productions.

* Y, Z 122-135 Store trip productions by zone
of destination.

1 136, 137 Read another record.

I 138-144 Read card 2 format.
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Computer Program

SSymbol Line Number Operatioii

3 146, 147 Determine total dwelling units

contacted.

K 148, 149 Determine if interview obtained.

L 150-159 Sort zone numbers by zone of
residence.

M, N 160, 169 Calculate the number of inter-
views obtained.

M, N 162-167 Calculate and store on dependent
variables used in zonal analysis.

MI 168-175 Sort land uses. 3

N' 176-184 Store land uses by zone of
residence. 3

0 187-189 Take dwelling unit samples
every 20 interviews. 3

1 190 Read knother record.

P, Q 191-207 Sort and store variables used in
dwelling unit analysis. 3

BB 208-214 Printout dwelling units con-
tacted, interviews obtained,
number of dwelling units
samples.

CC 215-224 Store zone numbers.

DD, EE 225-233 Write values used in zonal
analysis on disc.

FF, ,GG 234-239 Write values used in dwelling
unit analysis on disc. 3

HH, II 240-287 Print all zonal and dwelling
unit variables and total number
of records on file.

288 Stop

3 Not used in this analysis.H ___ _



APPENDIX G

COMPLETE EXTRACTION OF DATA FROM 1968 TCC ORIGIN-

DESTINATION SURVEY BY 825 ZONES'SEGMENTED INTO

TRIP PURPOSES AND SOCIO-ECONOMIC
CHARACTERISTICS

/
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APPENDIX H

LISTING OF ZONES USED TO i)C--ýVELOP
THE' SIXTEEN TRIPEND E(,, ,t-TIONS
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